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The specifications 
contained within this Sharp Memory Data Book are current as of the 
July, 1992 publication 
date. 


The product data provided is classified and labeled as follows: 


CLASSIFICATION 
* 
DESCRIPTION 


Product Preview 
Contains information 
about a device that is in the 
planning stage or the soon to be in-development 
stage. 


Advance 
Information 
Contains information 
about a device that is in 
development. 
Includes design specifications 
for device 
development. 


Preliminary 
Contains information 
for device soon to be, or recently, 
released to production. 


No label is used for this 
Contains information 
about a device that is in full 
classification. 
production. 


• 
Note: 
occasionally 
certain 
product 
data information 
may be classified 
and labeled 
differently than the main classification 
label. For exampil~, a main label may be 'Preliminary,' 


but the 15 ns version of that part may be labeled 'Advance 
Information.' 


The Sharp Memory Data Book is the proprietary 
product of Sharp and is copyrighted, 
with all rights reserved. 
Under the copyright 
laws, no part of this publication 
may be 
reproduced 
or transmitted 
in any form or by any means, electronic or mechanical, 
for any 
purpose, 
in whole 
or in part, without the express wri 
en permission 
of Sharp. 
Express 
written permission 
is also required before any use of t is publication 
may be made by a 
third party. 


Sharp reserves 
the right to make changes 
in the circuitry or specifications 
described 
herein at any time without notice in order to improve design or reliability. The information 
in this Memory 
Data Book has been carefully checked 
to be accurate, 
however, 
Sharp 
makes no warranty 
for any errors which may appear in this document. 
Contact Sharp to 
obtain the latest version of device specifications 
before placing your order. 


Sharp makes no representations 
that circuitry described herein is free from infringement 
of patent or other rights of third parties which may result from its use. No license is granted 
by implication 
under any patent rights or other rights of Sharp Corporation. 


© SHARP Corporation, 
1992. Printed and bound in the U.S.A. 


As we become more and more an information-oriented 
society, memory products have 
come to playa 
major role in both home and office equipment. 
On the one hand, com- 
puter-related 
services are growing ever more sophisticated 
and diverse; on the other, they 
are becoming 
much more accessible 
to each of us in our daily lives. 
Along with this 
increase in the importance 
of the information processin9 
in our lives, we are faced with a 
growing demand for memory products using the most advanced technology. 


To keep pace with this rapid progress, we at Sharp will continue to direct our efforts at 
understanding 
the crucial trends of the moment in this area and supply our customers with 
products that truly meet their needs. 
In short, to contribute to a better life for all of us in 
this age of expanding 
technology. 


Sharp has developed a wide range of memory units including SRAMs, DRAMs, EPROMs, 
OTPROMs, 
Mask Programmable 
ROMs, and FIFO Memories for use in numerous areas 
of application. 
Sharp memory units are used extensively in personal computers, advanced 
office automation 
and measuring control equipment, video games, as well as in character 
processing 
and dictionary 
ROMs. 


This data book has been especially compiled for the use of our customers. 
Listed here 
is the entire range of memory products developed and manufactured 
by Sharp, with detailed 
explanations 
of their many functions and outstanding features. 
We hope that you find this 
book useful in determining 
which Sharp products are best suited to your needs. 
Please 
contact us directly if you have any further questions. 
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General Information - Product Lineup 


PSEUDO-STATIC RAMs 
MASK-PROGRAMMABLE 
ROMs (cont'd) 
Density 
Organization 
Density 
Organization 
LH5P832 
256K 
32K x 8 
2-1 
LH534500A 
4M 
512K x 8/256K x 16 
4-54 


LH5P8129 
1M 
128K x 8 
2-8 
LH534600 
4M 
512K x 8/256K x 16 
4-60 
LH5P8128 
1M 
128K x 8 
2-20 
LH538000 
8M 
1M x 8/512K x 16 
4-65 
LH5P8512 
4M 
512K x 8 
2-32 
LH538100 
8M 
1M x 8 
4-71 
STATIC RAMs 
LH538500A 
8M 
1M x 8/512K x 16 
4-76 


LH5116/H 
16K 
2K x 8 
3-1 
LH5316000 
16M 
2M x 8/1M x 16 
4-83 


LH5116S 
16K 
2K x 8 
3-9 
LH5316500 
16M 
2M x 8/1M x 16 
4-89 


LH5118/H 
16K 
2K x 8 
3-16 
LH5332000 
32M 
4M x 8/2M x 16 
4-95 
LH5168/H 
64K 
8K x 8 
3-24 
FIFO MEMORIES 
LH5168SH 
64K 
8K x 8 
3-33 
LH5481191 
64 x 8/64 x 9 
5-2 
LH51256L 
256K 
32K x 8 
3-41 
LH5496 
512 x 9 
5-16 
LH511000UL 
1M 
128K x 8 
3-48 
LH5497 
lK x 9 
5-31 
LH52250AL 
256K 
32K x 8 
3-57 
LH5498 
2K x 9 
5-46 
LH52256LL 
256K 
32K x 8 
3-65 
LH5499 
4K x 9 
5-61 
LH52252A 
256K 
64K x 4 
3-72 
LH5492 
4K x 9 
5-76 
LH52252B 
256K 
64K x 4 
3-79 
LH5493 
4K x 9 
5-94 
LH52253 
256K 
64K x 4 
3-86 
LH5494 
4K x 9 
5-110 
LH52258 
256K 
32K x 8 
3-93 
LH5420 
256 x 36 x 2 
5-125 
LH52258A 
256K 
32K x 8 
3-101 
LH540201102 
512x9/1Kx9 
5-160 
LH522~8B 
256K 
32K x 8 
3-109 
LH540203 
2K x 9 
5-176 
LH521 002 
1M 
256K x 4 
3-117 
LH540204 
4K x 9 
5-192 
LH521 007 
1M 
128K x 8 
3-125 
LH540205 
8K x 9 
5-208 
LH521 008 
1M 
128K x 8 
3-133 
LH540206 
16K x 9 
5-224 
LH521 028 
1M 
64K x 18 
3-141 
LH540215/25 
512 x 18/1K x 18 
5-226 
MASK-PROGRAMMABLE 
ROMs 
LH543620 
lK x 36 
5-253 
LH53259 
256K 
32K x 8 
4-1 
APPLICATION NOTES AND CONFERENCE PAPERS 
LH53515 
512K 
64K x 8 
4-7 
Databus Funneling Made Easy 
6-1 
LH53Hl000 
1M 
64K x 16 
4-13 
A One-Chip Two-Way Street for Microprocessor 
LH53H0900 
1M 
128K x 8 
4-18 
Communications: 
the Sharp LH5420 36-Bit 
LH530800A 
1M 
128K x 8 
4-23 
Bidirectional 
FIFO 
6-7 
LH531000B 
1M 
128K x 8 
4-29 
FIFO Memories: Effective, Compact, 


LH532000B 
2M 
256K x 8/128K x 16 
4-35 
and Easy to Use 
6-12 
LH532100B 
2M 
256K x 8 
4-40 
PACKAGING 
LH534000B 
4M 
512K x 8/256K x 16 
4-44 
Package Selections: 
Static RAMs 
7-1 
LH534100B 
4M 
512K x 8 
4-49 
Packagll Selections: 
Mask-Prog rammable 
ROM!, 
7-2 
Package Selections: 
FIFO Memories 
7-3 


POWER 
CONFIG- 
ACCESS 
CYCLE 
CONSUMPTION 
OPERATING 
CAPACITY 
URATION 
MODEL NO. 
TIME (ns) 
TIME (ns) 
OPERATING/ 
PACKAGE 
(WORDS x BITS) 
MAX. 
MIN. 
STANDBY 
MODE 


(mW) MAX. 


PSEUDO 
28DIP/ 
256K 
32,768 x 8 
LH5P832 
120 
190 
303/16.5 
SRAM 
28SK-DIP/ 


28SOP 


60 
100 
57215.5 


LH5P8129 
80 
130 
440/5.5 


100 
160 
358/5.5 
PSEUDO 
32DIP/ 
1M 
131,072 x 8 
SRAM 
32S0P/ 
60 
100 
572/5.5 
32TSOP3 


LH5P8128 
80 
130 
440/5.5 


100 
160 
358/5.5 


60 
110 
550/8.25 


PSEUDO 
32DIP/ 
4M 
524,288 x 8 
LH5P8512 
70 
130 
550/8.25 
32S0P/ 
SRAM 
32TSOP' 
80 
150 
550/8.25 


NOTES: 
o (Empty box) = Contact your Sharp representative for availability. 
I'El = Operating frequency or accesslcyde time parts that are either available 
now or soon to be available. 
Contact your Sharp representative for availabi ity. 


1. CS Control 
2. CE Control 
3. TSOP{I) 
4. TSOP{II) - Consult factory for availability. 
..,.1 


LOW- 


POWER 
STATIC 
RAM 


HIGH 
SPEED 
STATIC 
RAM 


NOTES: 
D (Empty 
box) 
- Contact 
your 
Sharp 
representative 
for availability. 
CJ = Operating 
frequency 
or access/cycle 
time 
parts 
that are either 
available 
now 
or soon 
to be available. 
Contact 
your 
Sharp 
representative 
for availability. 


POWER 


CONFIGURATION 
ACCESS 
CYClE 
CONSUMPTION 
PROCESS 
CAPACITY 
(WORDS x BITS) 
MODEL NO. 
TIME (ns) 
TIME 
OPERATING! 
PACKAGE 
MAX. 
(Ill) MIN. 
STANDBY 
(mW/f'W) 
MAX. 


FULL CMOS 
16K 
2,048 x 8 
LH5116 
100 
100 
22015.5 
24DIPI24S0PI24SK·D1P 


LH5116H 
1 
100 
100 
22015.5 


LH5116S' 
1000 
1000 
3313.3 
24SOP 


LH5118 
100 
100 
22015.5 
24DIPI24S0PI24SK-DIP 


LH5118H 
1 
100 
100 
22015.5 


64K 
8,192x8 
LH5168 
100 
100 
24815.5 
28DIP/28SOPI28SK·DIP/ 
28TSOP 


LH5168H 
1 
100 
100 
275116.5 
28DIPI28S0PI28SK·DIP 


LH5168SH I.' 
500 
500 
150.'9 (3Vl 
28SOP 


256K 
32,768 x 8 
LH51256L 
1 
100 
100 
24&'27.5 
28DIPI28SOP 


120 
120 


1M 
131,072 x 8 
LH511000UL 
1 
100 
100 
330166 
32DIPI32SOP132TSOP(I) 
2 


120 
120 


CMOS 
256K 
65,536 x4 
LH52252A 
25 
25 
825/5500 
24SK-DIP/24SOJ 
PERIPHERY 
35 
35 
66015500 


45 
45 
55015500 


LH52252B 
20 
20 
000/5500 
24SK-DIP/24SOJ 


25 
25 
74515500 


LH52253 
15 
15 
91015500 
28SK·DIP/28SOJ 


20 
20 
000/5500 


25 
25 
74515500 


35 
35 
74515500 


32,768 x 8 
LH52250AL 
70 
70 
4401550 
28DIPI28S0PI28SK·DIP 


100 
100 
3851550 


LH52256LL 
90 
90 
385/220 
28DIPI28SOP 


LH52258 
35 
35 
71515500 
28SK·DIP/28SOJ 


45 
45 
60515500 


55 
55 
85515500 


LH52258A 
20 
20 
82515500 
26SK·DIP/28SOJ 


25 
25 
74515500 


LH52258B 
25 
25 
74515500 
28SK·DIP/28SOJ 


35 
35 
71515500 


1M 
262,144 x 4 
LH521 002 
20 
20 
715111000 
28SOJ 


25 
25 
660111000 


35 
35 
550111000 


131,072 x8 
LH521008 
20 
20 
825111000 
32SOJ132DIP 


25 
25 
770111000 


35 
35 
660111000 


LH521007 
20 
20 
770127500 
32SOJ132DIP 


25 
25 
668/27500 


35 
35 
633/275Ob 


1.125M 
65,536 x 18 
LH521028 
20 
20 
16501275000 
52PLCC 


25 
25 
16501275000 


30 
30 
16501275000 


35 
35 
16501275000 


NOTES: 
1. 
TOPA= ·40 to +85°C 
2. 
T 
TSOP (Type I) Forward bend 
TR 
TSOP (Type I) Reverse bend 


3. 
Supply Voltage (V) = 3 ± 10% 
4. 
Supply Voltage (V) - 2.5 to 5.5 


JEDEC 
STANDARD 
EPROM 
PINOUT 


NOTES: 
o (Empty box) ~ Contact your Sharp representative for availability. 
Ell = Operating frequency or access/cycle time parts that are either available 
now or soon to be available. 
Contact your Sharp representative for availabil ty. 


LH5XXX: 
CMOS 
1. 14 x 14 mm2 package 
2. QFP also available in lOx 
10 mm2 package 


ACCESS liME 
POWER 
CAPACITY 
CONRGURAl1ON 
MODEL NO. 
USERS NO. 
~51:AX. 
CQI"SUMPllON 
PACKAGE 
(WORDS x BITS) 
C CliME 
("'WI 
MAX. 
(n5) MIN. 


256K 
32,768 x8 
LH53259 
LH5359XX 
150 
110 
28DIP/28SOP/440FP 


512K 
65,536 x8 
LH53515 
LH5315XX 
150 
195 
28DIPI28SOP/44OFPf.l2SOP 


1M 
131,072 x8 
LH53H0900 
LH5H11XX 
45 
660 
32DIP132SOP 


LH530800A 
LH531HXX 
150 
195 
32DIPI32SOP/440FP 


LH531000B 
LH531GXX 
150 
195 
28D1PI28SOP 


65,536 x 16 
LH53H1000 
LH5H10XX 
55 
660 
4ODIP/4OSOP 


2M 
262,144 x 8 
LH532100B 
LH532HXX 
1201150 
275 
32DIP132SOP 


262,144 x 8 
LH532000B 
LH532GXX 
1201150 
275 
4ODIP/4OSOP/440FP ',2/48TSOP(I) 
131,072 x 16 


41.4 
524,288 x 8 
LH534100B 
LH534HXX 
200 
275 
32DIPf.l2SOP 


524,288 x 8 
LH534600 
LH5346XX 
100 
550 
4ODIP/4OSOP/44OFP , 
262,144 x 16 
LH534500A 
LH534FXX 
150 
275 
4ODIP/40SOP/44OFP '/48TSOP(Q 


LH534000B 
LH534GXX 
200 
275 
4ODIP/40SOP/440FP 
1,2/48TSOP(I) 


8M 
1,048,576 x 8 
LH538100 
LH5381XX 
200 
275 
32DIP132SOP 


1,048,576 x 8 
LH538000 
LH5380XX 
200 
275 
42DIP/44SOP/48TSOP(I)/64OFP 
524,288 x 16 
LH538500A 
LH538FXX 
150 
275 
42DIP/44SOP/48TSOP/64OFP 


16M 
2,097,152 x 8 
LH5316000 
LH5316XX 
200 
275 
64SDIP/64OFP 
1,048,576 x 16 
LH5316500 
LH5375XX 
150 
50 
42DIP/44SOP/48TSOP(IY64OFP 


32M 
4,194,304 x 8 
LH5332000 
LH5332XX 
200 
275 
44SOPI64OFP 
2,097,152 x 16 


NOTES: 
1 . 
14 x 14 mm2 
package 


2. 
QFP 
also 
available 
in 10 x 10 mm2 
package 


MODEL 
NUMBER 


LH5481 


OPERATING 
FREQUENCY 
(MHz) 
35 25 15 


NOTES: 
o (Empty box) - Contact your Sharp representative for availability. 
fZ) 
= Operating frequency or access/cyde time parts which either are available 
now or are soon to be available. 
Contact your Sharp representative for availability. 


Asydhronous parts are specified according to access time or operating frequency; 
syndhronous parts are specified according to cycle time. 


General Information - Product Lineup 


FIFO MEMORIES 


POWER 


CONFIGURATION 
OPERATING 
ACCESS 
CYCl.E 
CONSUMPTION 
CAPACITY 
(WORDS x BITS) 
MOOEl.NO. 
FREQUENCY 
TIME 
TIllE 
(m~MAX. 
PACKAGE 
(MHz) 
(ns) MAX. 
(nl) 
MIN. 
AC 
VEl 
STANDBY 


0.5K 
64x8 
LH5481 
26 
67 
24&'- 
28SK-DIPI28PlCC 


22 
40 


20 
23 


64x9 
LH5491 
26 
6'7 
24&'- 
28SK-DIPI28PlCC 


40 


2il 


4,5K 
512x9 
LH5496 
2!; 
550128 
28SK-DIPI28DIPI32PlCC 


30 


3!i 


4!i 


6!i 


12 
SO 


10 
100 


LH540201 
40 
2!; 
550128 
28SK-DIPI28DIP/28SOJ 'I 


33 
30 
32PlCC 


28 
35 


22 
45 


15 
6S 


12 
SO 


10 
100 


9K 
1,024 x 9 
LH5497 
40 
25 
550128 
28SK-DIPI28DIPI32PlCC 


33 
30 


2S 
35 


22 
45 


15 
65 


12 
80 


10 
1()) 


LH540202 
40 
25 
550128 
28SK-DIPI28DIP/28SOJ'1 


33 
30 
32PlCC 


28 
35 


22 
45 


15 
65 


12 


10 


512x 
18 
LH540215 
67 
550128 
68PlCC 


50 
14 


40 
15 


28 
25 


18K 
256x36x2 
LH5420 
40 
15 
15401- 
12OPGAI132POFP 


33 
20 


28 
25 


[ill] Primary 
parameter 
for speed-grade 
specification, 


, Contact 
your 
Sharp 
representative 
for availability, 


General Information - Product Lineup 


FIFO MEMORIES (cont'd) 


POWER 


CONAGURAllON 
OPERATING 
ACCESS 
CYCLE 
CONSUMPTION 
CAPACITY 
(WORDS x BITS) 
MOOELNO. 
FREQUENCY 
TIME 
TIME 
(m~AX. 
PACKAGE 
(MHz) 
(ns) MAX. 
(ns) MIN. 
AC 
EJ 
STANDBY 


18K 
2.048 x 9 
LH5498 
40 
550128 
28SK-DIPI28DIPI32PLCC 


33 


28 


22 


15 


12 


10 


LH540203 
40 
550128 
28SK-DIPI28DIP/28SOJ 
'I 


33 
32PLCC 


28 


22 


15 


12 


10 


1.024 x 18 
LH540225 
67 
550128 
68PLCC 


50 


40 


28 


36K 
4,096 x 9 
LH5499 
33 
550144 
28DIPI32PLCC 


28 


22 


15 


12 


10 


LH540204 
33 
605144 
28SK-DIPI28DIP/28SOJ 
'I 


28 
32PLCC 


22 


15 


12 


10 


LH5492 
40 
825/138 
32PLCC 


33 


28 


LH5493 
33 
825/138 
32PLCC 


28 


LH5494 
33 
825/138 
32PLCC 


28 


1.024 x 36 
LH543620 
50 
TBD 
132POFP 


40 


33 


12K 
8,192 x 9 
LH540205 
33 
605144 
28SK-DIPI28DIP 


28 


22 


15 


12 


10 


144K 
16,384 x 9 
LH540206 
605144 
28DIP 


Dill Primary parameter for speed-grade specification . 


• Contact your Sharp representative for availability. 


Quality 
Assurance 
System 


Sharp develops 
and produces 
a wide range of con- 
sumer and industrial-use 
semiconductor 
products. 


In recent 
years, 
the 
applications 
of ICs have 
ex- 
panded 
significantly, 
into fields 
where 
extremely 
high 
levels of quality 
are critical. 


In response, 
Sharp has implemented 
a total quality 
assurance 
system that encompasses 
the entire produc- 
tion process 
from planning 
to after-sales 
service. 
This 
system 
ensures 
that quality 
is a priority 
in the planning 
development 
and production 
and guarantees 
product 


reliability 
through 
rigorous 
reliability 
testing. 
We com- 
piled the "Sharp 
Semiconductor 
Reliability 
Handbook, 
IC Edition" 
to introduce 
you to the results 
of some 
of 
our research 
and to our quality and reliability philosophy 
and programs. 
We hope that it is informative 
and that 
it will help Sharp 
customers 
develop 
and refine 
their 
quality 
and reliability 
assurance 
and control 
activities. 
We will introduce 
a part of this system 
here. 


Sharp's quality and reliability assurance 
activities are 
based on the following 
guidelines: 


• 
All personnel 
should 
participate 
in quality 
assur- 
ance 
by continually 
cultivating 
a higher 
level 
of 
quality 
awareness. 


• 
In the design and development 
stages of new prod- 
ucts, create reliable designs that consider 
reliability 
in every 
respect. 


• 
Quality control in all production 
processes, 
all work- 
ing environments, 
materials, 
equipment, 
and meas- 
uring 
devices 
should 
be carefully 
monitored 
to 
ensure quality and reliability from the very beginning 
of the production 
process. 


• 
Confirm 
long-term 
reliability 
and obtain a thorough 
understanding 
of practical 
limits through 
reliability 
testing. 


• 
Continually 
work to improve 
quality 
through 
appli- 
cation 
of data from process 
inspections, 
reliability 
testing, 
and market surveys. 


Quality 
Assurance 
During 
New Product 
Development 


New product development 
(Figure 
1) begins with an 
accurate 
grasp of the purpose, 
environment, 
and man- 
ners in which customers 
will use the product as well as 
the 
required 
reliability. 
A development 
plan 
is then 
drafted, 
clarifying 
the price, quantity, 
sales period 
and 
target 
reliability 
of the product 
to be manufactured. 


Quality 
and reliability 
are built into the product 
from 
the beginning 
of the product cycle by introducing 
design 
review (DR) and reliability 
planning 
in the development 
and design 
stage. 
The first tasks 
undertaken 
in this 


stage are process development 
and circuitry design, by 
which 
a prototype, 
or technical 
sample 
(TS), is made. 


An evaluation 
of the technical 
sample 
is conducted, 


centering 
on the function 
and performance 
of the sam- 
ple under conditions 
in which 
the final product 
will be 
used (TS evaluation). 


Next, an engineering 
sample 
(ES) is made, 
based 
on the results of the TS evaluation, 
and it is subjected 
to ES evaluation. 
The ES evaluation 
consists 
of deter- 
mining, 
under mass production 
conditions, 
whether the 
product 
functions 
and performs 
as intended 
during de- 
velopment 
and design. 
Reliability 
testing 
is also used 
to decide whether 
the engineering 
sample 
has the re- 


quired degree 
of reliability. 


In the final stage, the transfer 
of the product to mass 
production 
is discussed 
- based 
on the results 
of the 
TS and ES evaluations. 
Once TS and ES are accepted, 


preproduction 
begins. 
At this time, 
it is determined 
whether 
the quality 
and reliability 
obtained 
during 
de- 


velopment 
and design can be maintained, 
whether there 
are any discrepancies 
in the production 
process 
and 


what yielcs will be. The manufacturability 
of the product 
is determined, 
based on these results. 


DR (Design 
Review) 
is performed 
to prevent 
faulty 
operation 
and to enhance the functions, 
usability, quality 
and 
reliability, 
upon 
completion 
of structural 
design, 
logic 
des'gn, 
software 
design, 
circuit 
design, 
TS/ES 
evaluation 
and reliability 
tests. 


RELIABILITY 
DESIGN 
AND 
DESIGN 
REVIEW 


OXIDE INSPECTION 
MONITORING 


PHOTOLITHOGRAPHY 


EXTERNAL 
APPEARANCE, 
FILM 
THICKNESS, 
SURFACE CLEANLINESS 


VISUAL INSPECTION 
DEVELOPABILlTY, 
ETCHABILlTY, 
MONITORING 
LINE WIDTH 


ION IMPLANTATION 


ELECTRICAL 
ELECTRICAL 
CHARACTERISTICS, 
INSPECTION 
OF CHIP 
MAJOR DEVICE CHARACTERISTICS 
MONITORING 


DICING 


BREAK, SORTING 


DIE BOND 
INSPECTION 
MONITORING 


WIRE BONDS 


WIRE BOND 
INSPECTION 
MONITORING 


LEAD SURFACE 
FINISHING 


FINISHING 
INSPECTION 
MONITORING 


INGREDIENTS, 
TEMPERATURE, 
CONTAMINATION 


THICKNESS, 
UNIFORMITY 
(SOLDERABILITY) 
PLATED LAYER COMPOSITION 
PLATED LAYER THICKNESS 


TEMPERATURE, 
TIME, 


MARKING 
MATERIAL 


TOOLING 
SHARPNESS 
TOOLING 
DIMENSIONS 


REMOVE 
PRODUCTS 
HAVING 
IMPROPER 
DIMENSIONS, 
FLAWS AND CRYSTAL 
DEFECTS. 


ENSURE PROPER SHEET 
RESISTANCE 
VALUES 


FIND PINHOLES, 
CHECK SURFACE 
CLEANLINESS 
AND CONTROL 
FILM THICKNESS 


CHECK FOR PROPER 
DEVELOPMENT 
AND ETCHING. 


CONTROL 
LINE WIDTH 


REMOVE 
PRODUCTS 
HAVING 
POOR ELECTRICAL 
CHARACTER- 
ISTICS. ENSURE PROPER 
DEVICE CHARACTERISTICS 


CHECK POSITION AND SHAPE OF 
BONDS. ENSURE PROPER WIRE 
TENSILE 
STRENGTH 


REMOVE PRODUCTS 
HAVING 
PLATING 
IRREGULARITIES. 
MAINTAIN 
PLATING QUALITY 


PREVENT ABNORMAL 
STRESS ON 
PLASTIC MOLD RESULTING 
IN 
DAMAGE 


Raw Materials Control 


The level of product 
quality 
and reliability 
is largely 
governed 
by the quality of the materials 
originally 
mak- 
ing up the production 
process 
and environment. 


It is the responsibility 
of the vendor 
to execute 
the 
quality 
assurance 
of basic 
materials 
purchased 
by 
Sharp. 
Raw material 
quality 
assurance 
is conducted 
according 
to the following 
system: 


• 
Initial selections 
of a raw material 
manufacturer. 


• 
Quality 
qualification 
for each new material 
put into 
use (quality 
and reliability 
assessments 
of devices 
in which 
such new materials 
are used). 


• 
Periodic 
quality 
consultations 
based 
on quality 
in- 
formation 
obtained 
during 
mass production. 


Acceptance 
inspections 
are carried out as necessary 
based 
on 
acceptance 
criteria 
derived 
from 
product 
specifications 
and approved 
drawings. 


Control of the Manufacturing 
Environment 


Integrated 
circuit 
devices 
are 
manufactured 
in a 
clean room where there is minimal air-born particulates. 
The use of ultrapure water also aids cleanliness. 
Such 
conditions 
are necessary 
due to the adhesion 
of even 
small bits of foreign particles 
(0.1 11mor less), no more 
than 1/5 - 1/10 the size of the smallest 
IC pattern, 
can 
result in defects 
later in the process. 


Particulates 
not only affects chip yields, 
but can also 
have 
a lethal 
affect 
on the quality 
and reliablity 
of a 
device. 
Therefore, 
the cleanliness 
of every 
piece 
of 
equipment 
and facility 
in the plant 
as well as that of 
work clothes 
and work articles 
are controlled. 
Degree 
of cleanliness 
is usually 
expressed 
numerically 
as the 
number 
of particles 
over 0.5 11mper cubic foot of air. 


The degree of cleanliness 
maintained 
in Sharp clean 
rooms, where wafers come in direct contact with air, is 
Class 1. Temperature 
and humidity 
are maintained 
at 


constant 
levels 
by continuous 
computer-controlled 
monitoring 
(Table 
1). 


The ultrapure de-ionized 
(01) water used in the wafer 
process is manufactured 
with an ultrapurification 
equip- 
ment, 
employing 
ion-exchange 
treatment, 
ultraviolet 
irradiation 
and ultrafiltration 
systems. 


Table 1. 
Clean Room Temperature & Humidity Standards 


Control of Facilities 
and Instrumentation 


Intregrated 
circuit device technology 
is experiencing 
rapid 
revolutionary 
change, 
and advances 
in IC pro- 
duction facilities and equipment 
are equally 
impressive. 


Process 
automation 
is promoted 
by using the latest 
CIM (Computer 
Intregrated 
Manufacturing) 
system 
to 
create 
devices 
having 
stable 
quality 
and 
to 
reduce 
variance 
of characteristics. 
In addition, 
production 
fa- 
cilities 
maintenance 
control, 
and precision 
control 
for 
various 
instrumentation 
devices 
are 
implemented 
by 
both daily and periodic 
spot inspections. 


Facilities' 
control is conceptually 
based on Total Pro- 


ductive 
Maintenance 
(TPM), 
in which 
all concerned 
employees 
systematically 
participate 
in facilities 
main- 
tenance 
activities. 
Sharp's 
goal is to create 
a highly 
skilled 
human 
resource 
through 
activities 
such as: 


• 
operator-initiated 
maintenance; 


Control 
of instrumentation 
devices 
is in accordance 
with Japanese 
national standards. 
Regular calibration 
by oversEleing 
public 
agencies 
also 
helps 
maintain 
a 
high level of accuracy 
in these devices. 


2. FUNCTIONAL, 
ELECTRICAL 
CHARACTERISTICS 
AND APPEARANCE 


3. SAMPLING 
INSPECTION 
(BY LOT) 


Quality Control During 
the Production Process 


Designed-in 
quality 
and reliability 
must be faithfully 
built 
into a device 
during 
production 
to manufacture 
consistently 
high-quality 
and high-reliability 
products. 


Production 
Operations 
are therefore 
based on spe- 
cific, 
established 
operational 
standards. 
Checks 
are 
performed 
at each 
process 
step 
to decide 
whether 
specific 
characteristics 
have been obtained 
and quality 


has been built in. Each process is monitored 
to ensure 
that defectives 
are not sent to the next process. 
This 


is done by rigorously 
carrying 
out various 
standardized 
controls, 
appropriate 
to each 
process, 
such as moni- 


toring, 
visual 
inspections 
and sampling 
inspections. 


Sharp strongly 
promotes 
the automation 
of produc- 
tion facilities 
and equipment. 
Sharp works 
to prevent 
quality 
problems 
before 
they 
occur 
and 
to stabilize 
quality. 
Operations 
that 
required 
human 
skills 
in the 


past are now automated. 
Computer 
Integrated 
Manu- 
facturing 
(CIM) is being introduced 
into the wafer proc- 
ess. 
CIM 
is 
used 
to 
implement 
comprehensive 
production 
control, 
including 
conveyance 
within a proc- 
ess, equipment 
monitoring 
and progress 
control. 
CIM 
enables 
several types of process 
data to be processed 
together. 
Control 
charts 
and process 
capacity 
index 
(Cpk) are computed 
in real time for individual 
pieces of 
equipment. 
Even minute fluctuations 
in characteristics 
are fed back to improve 
control. 


Reliability 
is also being 
assessed 
by periodic 
sam- 


pling. 
This test is a long-term 
reliability 
assessment, 


and the results are fed back to the related 
divisions. 


While 
quality 
assurance 
tests 
and 
inspections 
are 
conducted 
for improving 
and maintaining 
quality, 
they 
also are used to predict the probable 
reliability 
a product 
will have in the marketplace. 
They provide 
a multi-fac- 
eted approach 
to ensuring 
product 
quality. 


Table 2. 
Reliability 
Test Items 


CLASSIACATION 
TEST 
PURPOSE &CONDITIONS 
REFERENCE 
STANDARDS 


Thermal 
Soldering Heat 
To determine soldering heat resistance. 
JIS C 7022: A-l 
Environment 
Standard test conditions' 
MIL-STD-750 C 2031 
Tests 
Solder bath temperature: 
260 ± 5"C 
IEC Pub. 68 Test Tb 
Time: 10±lsec. 
Solder composition: 
Pb:Sn = 4:6 


Temperature Cycling 
To determine resistance to high and low temperatures 
JIS C 7022: A-4 
and to temperature changes between these extremes. 
MIL-STD-883 C 1010 
Standard test condttions' 
IEC Pub. 68 Test Na, Nb 
Ta = Tstg MIN 
- 
TstgMAX [gas environment] 


Thermal Shock 
To determine resistance to sudden changes in 
JIS C 7022: A-3 
temperature. 
MIL-STD-883 C 1011 
Standard test condttions' 
IEC Pub. 68 Test Nc 
Ta = Tstg MIN 
- 
TstgMAX [liquid environment] 


Temperature & 
To determine resistance to conditions of high 
JIS C 7022: A-5 
Humidity Cycling 
temperature and high humidity. 
MIL-STD-883 C 1004 
Standard test conditions' 
IEC Pub. 68 Test ZlAD 
-10 - 65"C, 90 - 95% RH, one (1) cycle 
every 24 hours 


Mechanical 
Variable Frequency 
To determine resistance to vibration during 
JIS C 7022: A-l0 
Environment 
Vibration 
transportation and use. 
MIL-STD-883 C 2007 
Tests 
Standard test condttions' 
IEC Pub. 68 Test Fc 
Cycle: 100 - 2000 Hzin 4 min. 
Peak acceleration: 
20 G 
Orientation: four (4) times in each of the 
orientations of ± X, ± Y and ± Z 


Mechanical Shock 
To determine resistance to shocks during 
JIS C 7022: A-7 
transportation & use. 
MIL-STD-883 C 2002 
Standard test conditions' 
IEC Pub. 68 Test Ea 
Peak acceleration: 
1500 G 
Pulse duration: 
0.5 ms 
Orientation: three (3) pUlses in each of the 
orientations ± X, ± Y and ± Z 


Constant Acceleration 
To determine resistance to constant acceleration. 
JIS C 7022: A-9 
Standard test conditions' 
MIL-STD-883 C 2001 
Stress level: 20,000 G, 
IEC Pub. 68 Test Ga 
Orientation: 
applied for one (1) min. in each 
of the orientations ± X, ± Y and ± Z 


Lead Integrity 
To determine resistance to installation and handling 
JIS C 7002: A-ll 
such as wiring. 
IEC Pub. 68 Test U 
(1) Tensile strength. 
Standard test conditions' 
A specified load is applied in a direction 
parallel to the lead axis for 10 ± 1 sec. 


(2) Bending strength. 
Standard test conditions' 
A specified load is applied to the tip of each 
lead and the lead is bent once each through a 
+ and - 90° arc and back. (T e specified load 
is determined by nominal cross section or nominal 
section modulus.) 
'TCP (tape carrier package): 
N/A 


Table 2. (cont'd) 
Reliability 
Test Items 


CLASSIFICATION 
TEST 
PURPOSE &CO~IDITIONS 
REFERENCE 
STANDARDS 


Mechanical 
Solderability 
To determine the solderability 01 leads which are 
JIS C 7022: A-2 
Environment 
connected by soldering. 
MIL-STD-883 C 2003 
Tests 
Standard test condijions' 


Solder bath temperature: 
2:10± 5"C, 
Dip time: 5 ± 0.5 sec. 
Solder composition: 
Pb:Sn = 4:6, used with 
rosin flux. 


Seal (Hermeticity) 
To determine the effectiveness 01 the seal 01 
JIS C 7022: A-6 
hermetically sealed devices. 
MIL-STD-883 C 1014 
(1) Rne leak detection (helium): measured with a 
IEC Pub. 68 Test Q 
helium detector alter storage in an He atmosphere at 
a prescribed pressure for a designated time period. 
(2) Gross leak observation (bubbles): observation 01 
bubbles formed by a fluorocarbon or silicone oil. 


Sa~ Atmosphere 
To determine resistance to corrosion in a satt log. 
JIS C 7022: A-12 
(Corrosion) 
Standard test conditions' 
MIL-STD-883 C 1009 
Exposure to sa~ spraying conditions of sa~ 
IEC Pub. 68 Test Ka 
concentration,S ± 1%. 
Spray rate: 0.5 - 3 ml/80 
crrhh 
Sa~ fog temperature: 35 ± :~"Cfor a designated 
period of time. 


Lile Tests 
High Temperature 
To determine resistance to probnged operating 
JIS C 7022: B-1 
Operation 
stress, electrical and thermal. 
MIL-STD-883 C 1005 
Standard test condjtioos' 


To = TopMAX 
Operating source vo~age = Max. operating vo~age 


High Temperature 
To determine resistance to probnged high 
JIS C 7022: B-3 
Storage 
temperature storage. 
MIL-STD-883 C 1008 
Standard test conditions' 
To = TstgMAX 


Low Temperature 
To determine resistance to probnged low temperature 
JIS C 7022: 
B-4 
Storage 
storage. 
IEC Pub. 68 Test A 
Standard test conditions' 


To = TstgMIN 


High Temperaturel 
To determine resistance to prolonged temperature, 
JIS C 7022: 
B-5 
High Humidity Bias 
humidity and electrical stress. 
IEC Pub. 68 Test C 
Standard test conditions' 
85"C, 85% RH 
Appiied voltage = VTYPICAL 


High Temperaturel 
To determine resistance to probnged storage at high 
JIS C 7022: 
B-5 
High Humidity Storage 
temperature and humidity. 
IEC Pub. 68 Test C 
Standard test conditions' 


(1) 60°C, 90% RH 
(2) 85°C, 85% RH 


Table 2. (cont'd) 
Reliability 
Test ltems 


CLASSIACATlON 
TEST 
PURPOSE &CONDITIONS 
REFERENCE 
STANDARDS 


Miscellaneous 
Pressure Cooker 
To evaluate moisture resistance in a short period of 
EIAJ IC-121: 18 
(PCT) 
time. 
Standard test conditions' 
121"C. 
2atm. no electrical load. 
100% RH 


Composite Test 
Several tests (selected from those listed above) 
performed in series to effective II' evaluate product. 
~ 
for a surface mount aevice: 
High-TemperaturelHigh-Humidity 
Storage~Soldering 
Heat 
Resistance~Pressure 
cooker (PCT) 


Electrostatic 
To determine resistance to electrostatic stress. 
MIL-STD-883 C 3015 
Discharge Strength 
Standard test conditions' 
EIAJ IC-121:20 
(1) Human body model: 
Earth capacity 
C = 100 pF, equivalent 
Resistance R = 1.5 kn 
(2) Machine model: 
Earth capacity 
C = 200 pF. oquivalent 
Resistance R = on 


Latch-Up Strength 
To determine resistance to latch-up. 
Standard test condttjons' 
(1) Condenser charge 
(2) Current application 
(3) Vcc overvottage application 


DEVELOPMENT 
DESIGN 
TRIAL 
PRODUCTION 


DEVELOPMENT 
OF 
MANUFACTURING 
AND INSPECTION 
STANDARDS 


~ 


INTER' 
MEDIATE 
INSPECTIO 
PROCESS 
CONTROL, 
INSPECTION, 
BURN·IN 
(FINAL 
~;PECTION 


EREHOUSING 


General Information - Quality Assurance 


Reliability Tests 


Reliability Test Methods 


Reliability 
tests should always have good reproduci- 
bility. 
Thus, reliability 
tests for IC devices 
are based on 
standardized 
test methods. 
Such uniform testing stand- 
ards include those established 
by JIS (Japanese 
Indus- 
trial 
Standard), 
MIL 
(U.S. 
Military 
Standard), 
EIAJ 


(Electronic 
Industries 
Association 
of Japan) 
and 
IEC 
(International 
Electrotechnical 
Commission). 
As 
indi- 
cated 
in Table 2, however, 
Sharp 
has established 
its 
own testing 
method 
based 
on these standards. 


Advances 
in semiconductor 
device 
technology 
are 
astonishing, 
and they call for higher quality and reliability 
standards. 
Improved 
failure 
analysis 
techniques 
are 
therefore 
necessary 
to ensure 
semiconductor 
device 
reliablity. 


The causes 
of semiconductor 
device failure are be- 
coming 
increasingly 
diverse. 
This diversity 
is the result 
of element and interconnect 
miniaturization 
required for 
higher 
integration. 
It is also 
due 
to an increasingly 
complex 
manufacturing 
process with an increased 
num- 


CLAIM 


QUALITY 
REQUIREMENTS 


ber of steps from the wafer fabrication 
process 
to the 
assembly 
process. 


Failum 
analysis 
is the use of human, 
physical 
and 
electrical 
analytical 
procedures 
to clarify 
the 
failure 
mechanisms 
of defective 
parts. 
It is used to evaluate 
defective 
items appearing 
throughout 
the life of parts: 


during the semiconductor 
manufacturing 
process, 
out- 
going 
inspections 
and 
reliability 
testing; 
during 
the 


user's 
incoming 
inspections, 
processing 
and reliability 
testing; 
and during 
operation 
in the field. 


The ultimate 
goal of failure analysis 
is to prevent the 
recurrence 
offailure. 
It is necessary 
to establish 
various 
measures 
based on the results 
of failure 
analysis 
and 
to feed 
those 
measures 
back 
to the 
manufacturing 
process 
and product 
users. 


Sharp has an on-going 
program 
of supplying 
users 
with our own quality data, reliability test data, etc., upon 
request. 
It is just one of Sharp's 
efforts 
to maintain 
a 
high degree of user service. Figure 5 illustrates 
Sharp's 
Quality 
Information 
Routes. 


FEEDBACK 
TO RELATED 
DEPARTMENTS 
REGULAR 
QUALITY 
CONSULTATION 


QUALITY 
IMPROVEMENT 
ACTIVITIES 


, 
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- 
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- 
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REQUEST 
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Figure 5. Routes through which malfunctions outside 
the company are handlecl. 


Handling Precautions 


All the 
semiconductor 
products 
listed 
in this data 
book are manufactured 
based on exacting 
designs 
and 
under comprehensive 
quality control. 
However, to take 
full advantage 
of the features 
offered 
and to assure 
each 
products' 
long-life 
service, 
please 
refer 
to the 
following 
items. 


Maximum 
Ratings 


It is generally 
known that the failure rate of semicon- 


ductor 
products 
increases 
as 
the 
temperature 
in- 
creases. 
It is therefore 
necessary 
that 
the ambient 
temperature 
be within the maximum 
rated temperature. 


Further, it is desirable 
from the stand-point 
of reliability 
that the ambient 
temperature 
be lowered 
as much as 
possible. 
The voltage, current, and electric power used 


are also factors 
that significantly 
influence 
the life of 
semiconductor 
products. 
Voltage 
or current 
that ex- 
ceeds the rated level may damage 
the semiconductor 
product; 
even if applied 
only momentarily 
and the unit 
continues 
to operate 
properly, 
excessive 
voltage 
or 
current 
will likely increase 
the failure 
rate. 


Therefore, 
in actual circuit design, it is important 
that 
the semiconductor 
products 
have 
an allowance 
with 
respect 
to the voltage, 
current 
and temperature 
condi- 
tions under which 
they will be used. 
The greater 
this 
allowance, 
the fewer the failures 
that will occur. 


To keep failures 
to a minimum, 
the circuit should be 
designed 
so that under all conditions 
to absolute 
maxi- 


mum, the ratings 
are not exceeded 
even momentarily 
and so that the maximum 
values 
for any two or more 
items 
are 
not achieved 
simultaneously. 
In addition, 


remember 
that the circuit 
functions 
of semiconductor 
products 
are guaranteed 
within the operating 
tempera- 
ture range (Topr) or the absolute 
maximum 
ratings, but 
that storage 
temperature 
(Tstg) is the range 
in a non- 


operating 
condition. 


Storage Precautions 


General 
Storage 
Precautions 


a. 
Storing product 
in the packing 
in which it is shipped 
is recommended. 
If transferred 
to a different 
con- 


tainer, 
use one that will not readily 
carry an elec- 


trostatic 
charge. 


b. 
Store at conditions 
of normal temperature 
(5 - 35°C) 
and normal 
humidity 
(45 - 75% RH). 


c. 
Avoid storing 
product 
in the presence 
of corrosive 


gases or dusty areas. 


d. 
Avoid storing product 
in areas of direct sunlight 
or 
where sudden 
temperature 
changes 
will occur. 


e. 
Avoid stacking 
product or otherwise 
applying 
heavy 
loads. 


f. 
In the case 
of extended 
storage, 
take 
particular 
care 
against 
corrosion 
and 
deterioration 
in lead 
solderability. 
Inspecting 
such 
product 
before 
use 
is recommended. 


Basic Electrostatic Discharge 
Countermeasures 


Semiconductor 
device 
mounting 
requires 
exacting 
precautions 
to avoid applying excessive 
static electricity 


to the semiconductor. 
Item (a) - (c) below 
are basic 
electrostatic 
discharge 
countermeasures. 


a. 
Use humidifiers 
and the like to ensure 
against 
ex- 
cessively 
low relative 
humidity 
in the work environ- 
ment. 
(Maintaining 
relative 
humidity 
consistently 


above 50% is ideal). 


b. 
To prevent 
sudden 
electrostatic 
discharge, 
spread 
high-resistance 
electroconductive 
mats 
(about 
1060) over workbenches 
and have workers 
wear 
wrist (ground) 
straps. 


Have workers 
wear clothing 
made of charge-resis- 
tant 
colton, 
noncharging 
materials 
(109 
- 10140) 
or 
static elec:tricity dissipating 
materials 
(105 - 1090). Anti- 
static foot apparel 
is also effective. 


c. 
Ionizers 
(ionized 
air blowers) 
are effective 
when it 
is difficult to discharge 
static electricity 
from mount- 


ing equipment, 
contacting 
dielectrics 
and semicon- 
ductors. 


Sharp recommends 
using static electricity 
measuring 
devices 
to quantify 
electrostatic 
charges 
and develop 
effective 
countermeasures. 


When forming the lead wires of semiconductor 
prod- 
ucts to be mounted, 
forceps 
or a similar 
tool that will 
prevent 
stress 
from 
being 
applied 
to the base 
of the 
wires should be used. 


To prevent the input term inals of semiconductor 
prod- 
ucts on completed 
printed circuit boards from becoming 
open during 
storage 
or transport, 
the terminals 
of the 
circuit board should be shortcircuited 
or the entire circuit 
board itself should be wrapped 
in aluminium 
foil. 


PHYSICAL 
ANALYSIS 
CHEMICAL 
ANALYSIS 


• - - -, This inspection applies only 
, 
' for hermetic packages 
---~ 


Soldering and Cleaning 


When 
a semiconductor 
product 
is solder-bonded, 


specify 
the best conditions 
according 
to Table 4. 
If 
using a soldering 
iron, use one that doesn't 
leak from 
the soldering 
tip. 
An 'A Class' 
soldering 
iron with an 
insulation 
resistance 
of less 
than 
10 Mil 
is recom- 
mended. 
When 
using 
a solder 
bath, 
it should 
be 
grounded 
to prevent 
an unstable 
electric 
potential. 


Using a strongly 
acidic or alkaline 
flux for soldering 
can cause 
corrosion 
of the lead wires. 
A rosin flux is 
ideal for this type of soldering. 


To assure 
the reliability 
of a system, 
removal 
of the 
solder flux is generally 
required. 


To prevent 
stress 
of semiconductor 
products 
and 
circuit boards when using ultrasonic 
cleaning. 
a clean- 
ing method 
must 
be used that will shadow 
the main 
unit from the vibrator 
and specify 
the best conditions 
according 
to the following: 


Table 
3. 
Recommended Conditions for PC Board Cleaning 


Ultrasonic Power 
less than 25 WII 


Cleaning Conditions 
less than one minute total 


Cleaning Solution 
15 to 40°C 
Temperature 


Adjustment and Tests 


When 
the set 
is to be adjusted 
and 
tested 
upon 
completion 
of the printed circuit board. the printed circuit 
board 
must 
be checked 
to ensure 
that 
there 
are no 
solder bridges 
or cracks before the power is turned on. 
Also, if the market-rated 
voltage 
and current 
are to be 
used, it is wise to use a current 
limiter. 


Whenever 
a printed 
circuit 
board 
is to be removed 
or mounted, 
or mounted 
on a socket, 
the power 
must 
be turned off. 


When 
testing 
with a probe, 
care 
must be taken 
to 
assure 
that the probe 
does 
not come 
in contact 
with 
other signals 
or the power 
supply. 
If the test location 
has been decided 
beforehand, 
it is wise 
to set up a 
specially 
designed 
test-pin 
for testing. 


When testing in high and low temperatures, 
the con- 
stant-temperature 
bath must be grounded 
and meas- 
ures taken to protect the set inside the bath from static 
electricity. 


Table 4 outlines 
the 
semiconductor 
bonding 
and 


testing 
methods. 


Table 4. 
Semiconductor Bonding and Testing Methods 


BONDING 
TEMPERATURE 
TEST 
METHOD 
AND TIME 
POSITION 


Infrared 
Peak temp. 240°C or less 
Surface IC 
rellow 
230°C or more within 15 sec. 
package 
Heating speed: 1 to 4°C/sec. 


Flow 
245°C or less 


dipping 
Within 3 sec.lcycle 
Solder bath 
Within 5 sec. in total 


VPS 
215°C or less 
Steam 
250°C or less, within 40 sec. 


Hand 
260°C or less, within 10 sec. 
IC outer 
soldering 
lead 


\\\\ 
\ \\ 
HIGH-to-LOW 
transitions 
allowed 


1/1ITI/ 
LOW-to-HIGH 
transitions 
allowed 


XXXXXXXXX 
Don't care 


"J}}) GK 
(Does not apply) 


HIGH-to-LOW 
transitions 
during designated 
interval 


LOW-to-HIGH 
transitions 
during designated 
interval 


GENERAL INFORMATION 
- 1 I 


STATIC RAMs - 3 I 


MASK-PROGRAMMABLE 
ROMS - 4 I 


FIFO MEMORIES - 5 I 


I 
APPLICATION 
NOTES AND CONFERENCE 
PAPERS - 6 I 


PACKAGING - 7 I 


PSEUDO-STATIC 
RAMs 


Density 
Organization 
Page 


LH5P832 
256K 
32K x 8 
2-1 


LH5P8129 
1M 
128K x 8 
2-8 


LH5P8128 
1M 
128K x 8 
2-20 


LH5P8128 
4M 
512K x 8 
2-32 


LH5P832 


• 
Power consumption: 
Operating: 
303 mW 
Standby: 
16.5 mW 


• 
Auto refresh is executed by internal 
---- 
counter (controlled by OE/RFSH pin) 


• 
Packages: 
28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 


The 
LH5P832 
is a 256K 
bit 
Pseudo 
Static 
RAM 
organized 
as 32,768 
x 8 bits. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


The LH5P832 
uses convenient 
on-chip 
refresh 
cir- 
cuitry 
with 
a DRAM 
memory 
cell 
for 
pseudo 
static 
operation. 
This 
simplifies 
external 
clock 
inputs, 
while 
providing 
the same simple, 
non-multiplexed 
pinout 
as 
industry 
standard 
SRAMs. 
Moreover, 
due to the func- 
tional similarities 
between 
PSRAMs 
and SRAMs. 
many 
32K x 8 SRAM sockets 
can be filled with the LH5P832 
with 
little or no changes. 
The 
advantage 
is the cost 
savings 
realized 
with the lower cost PSRAM. 


The LH5P832 
PSRAM 
has the ability to fill the gap 
between 
DRAM 
and SRAM 
by offering 
low cost, 
low 
standby 
power, and a simple 
interface. 


Three 
methods 
of refresh 
control 
are provided 
for 
maximum 
versatility. 
A 'CE-Only' 
refresh 
cycle 
re- 
freshes 
the addressed 
row of memory 
cells transpar- 


ently. All 256 rows must be refreshed 
or accessed 
every 
four milliseconds. 
'Auto 
Refresh' 
automatically 
cycles 
through a different 
row on every OE/RFSH 
clock pulse, 


accomplishing 
the row refreshes 
without 
the need to 
supply 
row addresses 
externally. 
'Self Refresh' 
further 
simplifies 
the refresh 
requirements 
by eliminating 
the 
need for address 
inputs 
and clock pulses 
entirely. 
An 
automatic 
timer 
senses 
time 
periods 
when 
memory 
accesses 
have ceased, 
and provides 
full refresh 
of all 
rows of memory 
without 
any external 
assistance. 


SIGNAL 
PIN NAME 


RfW 
Read/Write input 


OEIRFSH 
Output Enable/Refresh 
input 


1/01 -I/Oa 
Data inputs and outputs 


Ao-A7 
Row address inputs 


SIGNAL 
PIN NAME 


As - A14 
Column Address inputs 


CE 
Chip Enable input 


VGe 
Power supply 


GND 
Ground 


CE 
WE 
OEIRFSH 
MODE 
1/01 -I/Oa 
lee 
NOTE 


L 
L 
X 
Write 
Data in 
Operating (Ice) 
1 
L 
H 
L 
Read 
Data out 
Operating (Ice) 
L 
H 
H 
CE-Only Refresh 
High-Z 
Operating (Ice) 


H 
X 
L 
Auto Refresh 
High-Z 
Operating 
1,2 


H 
X 
L 
Se~ Refresh 
High-Z 
Standby 
1,3 


NOTES: 
1. 
X = H or L 
2. OE Pulsewidth < 6 ~ 
3. OE Pulsewidth ~ 6 ~ 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Applied voltage on any pin 
VT 
-1.0 to +7.0 
V 
1 


Output short circuit current 
10 
50 
mA 


Power consumption 
Po 
600 
mW 


Operating temperature 
Topr 
Oto +70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


PARAMETER 
SYMBOL 
MIN. 
lYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage 
VIH 
2.4 
Vcc + 0.3 
V 


VIL 
-1.0 
+0.8 
V 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 


Input capacitance 
N:J- A14. RI'N 
CINl 
8 
pF 


CE.OE/RFSH 
CIN2 
5 
pF 


Input/output capacitance 
1101 -I/Oa 
COUT1 
12 
pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


Ope rating curre nt 
ICCl 
tRC = 190 ns 
55 
mA 
1 


Standby current 
Icc2 
CE = VIH. OE/RFSH - VIH 
3 
mA 
1 


Self refresh average current 
Icc3 
CE = VIH. OE/RFSH = VIL 
3 
mA 


Input leakage current 
III 
o V ~ VIN ~ 6.5 V 
-10 
10 
flA 


Output leakage current 
ILO 
o V ~ VOUT~ Vcc + 0.3 V 
-10 
10 
flA 
1 


Output High voltage 
VOH 
lOUT= -1 mA 
2.4 
V 


Output Low voltage 
VOL 
lOUT= 4 mA 
0.4 
V 


NOTES: 
1. 
The output pins are in high-impedance state. 


PARAMETER 
MODE 


Input voltage amplitude 
0.6 to 2.4 V 


Input riselfall time 
5 ns 


Timing reference level 
1.5 V 


1TTL gate. CL = 100 pF 
Output load conditions 
(Includes scope and jig 
capacitance) 


AC CHARACTERISTICS 


READ AND WRITE CYCLES 1,2 (VCC = 5.0 V ± 10%, TA = 0 to 70°C) 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Random read, write cycle time 
tRC 
190 
ns 


Read modify write cycle time 
tRMW 
280 
ns 


CE pulse width 
tCE 
120 
10,000 
ns 


CE precharge time 
tp 
60 
ns 


Address setup time 
tAS 
0 
ns 


Address hold time 
tAH 
30 
ns 


Read command hold time 
tRCH 
0 
ns 


Read command setup time 
tRCS 
0 
ns 


CE access time 
tCEA 
120 
ns 


OE access time 
tOEA 
50 
ns 


CE to output in Low-Z 
tCLZ 
10 
ns 


OE to output in Low-Z 
tOLZ 
0 
ns 


Output enable from end of write 
tWLZ 
0 
ns 


Chip disable to output in High-Z 
teHZ 
0 
35 
ns 
2 


Output disable to output in High-Z 
tOHZ 
0 
35 
ns 
2 


Write enable to output in High-Z 
tWHZ 
0 
35 
ns 
2 


OE setup time 
tOES 
10 
ns 


OE hold time 
tOEH 
0 
ns 


OE lead time 
tOEL 
10 
ns 


Write command pulse width 
twcp 
85 
ns 


Write command setup time 
twcs 
85 
ns 


Write command hold time 
tWCH 
85 
ns 


Data setup time from write 
tosw 
50 
ns 


Data setup time from CE 
tosc 
50 
ns 


Data hold time from write 
tOHW 
0 
ns 


Data hold time from CE 
tOHC 
0 
ns 


Transition time (rise and fall) 
tT 
3 
35 
ns 


Refresh time interval 
tREF 
4 
ms 


Auto refresh cycle time 
tFC 
190 
ns 


Refresh delay time from CE 
tRFO 
60 
ns 


Refresh pulse width (Auto refresh) 
tFAP 
80 
8,000 
ns 


Refresh precharge time 
tFP 
30 
ns 
(Auto refresh) 


CE delay time from refresh active 
tFcE 
225 
ns 
(Auto refresh) 


Refresh pulse width (Self refresh) 
tFAS 
8,000 
ns 


CE delay time from refresh 
tFRS 
225 
ns 
precharge (Self refresh) 


NOTES: 
1. 
&least 
l..!!'~ause 
time after power on should be given for proper device operation. 


CE and OEIRFSH 
must be fixed at V,Hfor 1 ms from the Voo reached to the specified voltage level. 


2. 
Active output to high-Z and high-Z to output active tests specified for a ±SODmV Iransition 
from steady 
stale levels into the lest load. CLOAD 
_ 5 pF. 


"'C 


leE 


CE 
V1H- 
V1L- 


Ao- A'4 
V1H- 
V1L- 


OEI 
V1H- 


RFSH 
V1L - 


RIW 
V1H- 
V1L- 


leEA 


IoEA 


VOH 
- 


110, - 110. VOL 
_ 


IoLZ 


leLZ 


Figure 3. Read Cycle 


"'C 


leE 


twcs 


twcp 


--~~: 


V1H-I V1l- 


I/O,-I/OS 


LvOH- 


VOl- 


I/O, - IlOs VVOH- 


Ol- 


NOTE: As - A,. = Don1 care 


110,-1/0 
8 
VV 
OH 
- 
H_IG_H_-Z 
_ 


OL- 


NOTE: 
Ao - A,., RiW = Don't care 


CE 
~~ =: -----A 
l 
~FD 


OEI 
V 


1H 
Jr 


RFSH 
V1L 
- 
~ 


=J=-~_R_S _l- 


110, -110 
8 
VVOH - 
H_IG_H_-Z 
_ 


OL 
- 


NOTE: Ao - A,., RiW ~ Don1 care 


X 
Package 
LH5P832 
Device Type 
-## 
SpeedL 


Blank 
28-pin, 600-mil 
DIP (DIP28-P-600) 
L..- 
--< D 
28-pin, 300-mil SKDIP (SKDIP28-P-300) 


N 
28-pin, 450-mil SOP (SOP28-P-450) 


LH5P8129 


PRELIMINARY 


CMOS 1M (128K x 8) 
CS-Control Pseudo-Static RAM 


• 
Power consumption: 
Operating: 
572/440/358 mW (MAX.) 
Standby: 
275 IlW (MAX.) in self-refresh 
mode 


• 
CS Control Type 
CS Standby Mode Available 


• 
Available for auto-refresh and 
self-refresh modes 


• 
Packages: 
32-pin, GOO-milDIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm2 TSOP (Type I) 
(normal and reverse bend pins) 


DESCRIPTION 


The 
LH5P8129 
is a 
1M 
bit 
Pseudo-Static 
RAM 
organized 
as 131,072 
x 8 bits. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


A PSRAM uses on-chip refresh circuitry with a DRAM 
memory 
cell for pseudo 
static 
operation 
which 
elimi- 
nates extl~rnal clock inputs, while considering 
the pinout 
compatibility 
with 
industry 
standard 
SRAMs. 
The 
advantage 
is the cost savings 
realized 
with the lower 


-cost PSRAM. 


The LH5P8129 
PSRAM 
has the ability to fill the gap 
between 
DRAM 
and SRAM 
by offering 
low cost, 
low 
power standby 
and a simple 
interface. 


32-PIN DIP 
TOP VIEW 
32-PINSOP 


RFSH 
Vcc 


A,. 
A" 


A,. 
CS 


A'2 
RJW 


A] 
A,3 


Ao 
As 


"" 


Ag 


A. 
A" 


A3 
OE 


A2 
A,o 


A, 
CE 


Ao 
110] 


1/00 
110. 


110, 
1105 


1102 
110. 


GND 
1103 


Figure 1. Pin Connections for DIP and 
SOP Packages 


CMOS 1M (128K x 8) CS-Control 
Pseudo-Static RAM 


All 


As 


As 


A'3 
RIW 
cs 
A,. 
Vce 


RFSH 


A,S 


A'4 


A'2 


A7 


As 


A. 


A4 


OE 
A4 


A,0 
A. 


CE 
As 


1/07 
A7 


1/06 
A'2 


I/O. 
A'4 


1/04 
A,s 


1/03 
RFSH 


GND 
Vce 


1/02 
A,• 


I/O, 
cs 


1/00 
RIW 


Ao 
A'3 


A, 
A6 


A2 
As 


A3 
A,. 


CE 
CS 
OE 
R/W 
RFSH 
Ao - A'6 
1101 ·110, 
MODE 


L 
H 
L 
H 
H 
VX 
DouT 
Read 


L 
H 
X 
L 
H 
VX 
DIN 
Write 


L 
H 
H 
H 
H 
VX 
High-Z 
CE only refresh 


L 
L 
X 
X 
X 
X 
High-Z 
CS standby 


H 
X 
X 
X 
L 
X. 
High-Z 
Auto/Self refresh 


H 
X 
X 
X 
H 
X 
High-Z 
Standby 


NOTES: 
H ~ High at VN = VCC .•.0.3 V to VIH (MIN.) 


L ~ Low at VIN - Vil (MAX.) to -1.0 V 


X - Don't care at Vcc .•.0.3 V to -1.0 V 


VX - Input when CE = L, then Don't Care 


CMOS 
1M (128K 
x 8) CS-Control 
Pseudo-Static 
RAM 


REFRES~ 
TIMER-.J 


SIGNAL 
PIN NAME 


AtJ- A16 
Address input 


R/W 
Read/Write input 


OE 
Output Enable input 


CE 
Chip Enable input 


SIGUAL 
PIN NAME 


CS 
Chip Select input 


RFSH 
Refresh input 


1100 -I/O, 
Data input/output 


CMOS 
1M (128K x 8) CS-Control 
Pseudo-Static 
RAM 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Applied voltage on any pins 
VT 
-1.0 to +7.0 
V 
1 


Operating temperature 
Topr 
Oto +70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


Output short circuit current 
10 
50 
mA 


Power consumption 
Po 
600 
mW 


NOTE: 
t. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


GND 
0 
0 
0 
V 


Input voltage 
VIH 
2.4 
Vcc + 0.3 
V 


VIL 
-1.0 
0.8 
V 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 


Ao- A16 
CIN1 
8 
pF 


Input capacitance 
RIW,OE 
CIN2 
5 
pF 


CE,CS 
CIN3 
5 
pF 


RFSH 
CIN4 
5 
pF 


Input/output capacitance 
1100 - 1107 
COUT1 
10 
pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


LH5P8129-60 
104 
Operating current 
LH5P8129-80 
ICCl 
tRC = tRC(MIN) 
80 
mA 
1,2 


LH5P8129-10 
65 


Standby current 
TIL Input 
ICC2 
1 
mA 
1,3 


CMOS Input 
0.05 
1,4 


Self-refresh 
TILlnput 
Icc3 
1 
mA 
1,5 
average current 
CMOS Input 
0.05 
1,6 


CPU internal 
LH5P8129·60 
104 
cycle average 
LH5P8129-80 
Icc4 
(RIW = OE = VIH) 
80 
mA 
1,2 
current 
LH5P8129-10 
65 


Input leakage current 
III 
o V '5,VIN'5,6.5 V 
-10 
10 
~ 
o V on all other test pins 


I/O leakage current 
ILO 
o V '5,VOUT'5,Vcc + 0.3 V 
-10 
10 
~ 
Output in high-impedance state 


Output HIGH voltage 
VOH 
lOUT= 1 mA 
2.4 
V 


Output LOW voltage 
VOL 
lOUT=4 mA 
0.4 
V 


NOTES: 
1. 
The oUlput pins are in high-impedance 
stale 
2. 
ICCl and ICC4depend on the cycle time 


3. 
CE = VH. RFSH = VIH 
4. 
CE = VCC- 0.2 V, RFSH = VCC- 0.2 V 


5. 
CE = VIH, RFSH = VIL 


6. 
CE = Vcc - 0.2 V, RFSH = 0.2 V 


CMOS 1M (128K x 8) CS-Control 
LH5P8129 
PRELIMINARY 
Pseudo-Static 
RAM 


AC ELECTRICAL 
CHARACTERISTICS 
1,2,3 (TA = 0 to .•.70°C, VCC = 5.0 V ± 10%) 


lH5P8129-60 
lH5P8129-80 
lH5P8129-10 
NOTE 
PARAMETER 
SYMBOL 
UNIT 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


Random read, write cycle time 
tRC 
100 
130 
160 
ns 


Read modify write cycle ti me 
tRMW 
155 
19!5 
235 
ns 


CE pulse width 
tCE 
60 
10,000 
80 
10,000 
100 
10,000 
ns 


CE precharge time 
tp 
30 
40 
50 
ns 


Address setup time 
tAS 
0 
0 
0 
ns 
4 


Address hold time 
tAH 
15 
20 
25 
ns 
4 


Read command setup time 
tRCS 
0 
0 
0 
ns 


Read command hold time 
tRCH 
0 
0 
0 
ns 


CE access time 
lcEA 
60 
80 
100 
ns 
5 
OE access time 
tOEA 
25 
30 
35 
ns 
5 


CE to output in Low-Z 
tCLZ 
20 
20 
20 
ns 


OE to output in Low-Z 
toLZ 
0 
0 
0 
ns 
Output enable from end of write 
tWLZ 
0 
0 
0 
ns 
Chip disable to output in High-Z 
lcHZ 
20 
25 
30 
ns 


Output disable to output in High-Z 
tOHZ 
20 
25 
30 
ns 
Write enable to output in High-Z 
tWHZ 
20 
25 
30 
ns 
OE setup time 
tOES 
0 
0 
0 
ns 


OE hold time 
tOEH 
10 
10 
10 
ns 
CS setup time 
tcss 
0 
0 
0 
ns 
CS hold time 
tCSH 
15 
20 
25 
ns 
Write command pulse width 
twP 
30 
30 
30 
ns 
Write command setup time 
twcs 
30 
30 
30 
ns 
Write command hold time 
tWCH 
40 
50 
60 
ns 
Data setup time from write 
tosw 
25 
30 
35 
ns 
6 
Data setup time from CE 
tosc 
25 
30 
35 
ns 
6 
Data hold time from write 
tOHW 
0 
0 
0 
ns 
6 
Data hold time from CE 
tOHC 
0 
0 
0 
ns 
6 
Transition time (rise and fall) 
tT 
3 
35 
3 
35 
3 
35 
ns 
Refresh time interval 
tREF 
8 
8 
8 
ms 
Refresh command hold time 
tRHC 
15 
15 
15 
ns 
Auto refresh cycle time 
tFC 
100 
130 
160 
ns 
Refresh delay time from CE 
tRFO 
30 
40 
50 
ns 
Refresh pulse width 
lFAP 
30 
8,000 
30 
8,000 
30 
8,000 
ns 
(Auto refresh) 
Refresh precharge time 
tFP 
30 
30 
30 
ns 
(Auto refresh) 
Refresh pulse width (Self refresh) 
tFAS 
8,000 
8,000 
8,000 
ns 
CE delay time from refresh 
tFRS 
140 
160 
190 
ns 
precharge (Self refresh) 


NOTES: 
1. 
In order to initialize the circuit, CE should be kept in V,H for 100 f1S 
after power-up. 


2. 
AC characteristics are measured atlT = 5 ns. 
3. 
AC characteristics are measured at the following condition (see 
figure at right). 


4. 
Address is latched at the negative edge of CEo 


5. 
Measured with a load equivalent to 2TTl + 100 pF. 


6. 
Data is latched at the positive edge of W/R or at the positive 
edge of CEo 


X~2-.4~V------- 
2.6V 


___ 
01. 
0.8 V 
0.6 V 


vrrv- 
---------~ 
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PRELIMINARY 
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RAM 
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Figure 9. CE Only Refresh 


CMOS 
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Pseudo-Static 
RAM 


tp 
leE 


~ 
leSH 


'\ 


LH5P8129 
X 
- ## 
Device Type 
Package 
S'Lt 
60 
80L 
SO 
Access Time (l1s) 
10L 
100 


Blank 
32-pin, 600-mil DIP (DIP32-P-600) 
N 
32-pin, 525-mil SOP (SOP32-P-525) 
T 
32-pin, 8 x 20 mm2 TSOP(I) (TSOP32-P-0820) 
TR 
32-pin, 8 x 20 mm2 TSOP(I) 
Reverse bend (TSOP32-P-oS20) 


CMOS 1M (128K x 8) CS Control Pseudo-Static 
RAM 


Example: 
LH5P8129N-60L 
(CMOS 1M (12SK x 8) Pseudo-Static 
RAM, 60 ns, 32-pin, 525-mil SOP) 


5P8129·'4 


LH5P8128 


• 
Access times (MAX.): 
60/80/100 ns 


• 
Cycle times (MIN.): 
100/130/160 ns 


• 
Power consumption: 
Operating: 
572/440/358 
mW (MAX.) 
Standby: 
275 I!W (MAX.) in self-refresh 
mode 


• 
Available for auto-refresh and 
self-refresh modes 


• 
Compatible with JEDEC standard 1M 
SRAM pinout 


• 
Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
32-pin, 8 x 20 mm2 TSOP (Type I) 
(normal and reverse bend pins) 


DESCI'lIPTION 


The 
H5P8128 
is a 
1M bit 
Pseudo 
Static 
RAM 
organized 
as 131,072 
x 8 bits. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


A PSBAM uses on-chip refresh circuitry with a DRAM 
memory 
cell for pseudo 
static 
operation 
which 
elimi- 
nates 
external 
clock 
inputs, 
while 
having 
the 
same 
pinout 
as industry 
standard 
SRAMs. 
Moreover, 
due to 
the 
functional 
similarities 
between 
PSRAMs 
and 
SRAMs, 
existing 
128K x 8 SRAM sockets 
can be filled 
with 
the 
LH5P8128 
with 
little 
or 
no 
changes. 
The 
advantage 
is the cost savings 
realized 
with the lower 
cost PSRAM. 


The LH5P8128 
PSRAM 
has the ability to fill the gap 
between 
DRAM 
and SRAM 
by offering 
low cost, 
low 
power standby 
and a simple 
interface. 
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TOP VIEW 
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Figure 
1. Pin Connections 
for DIP and 
SOP Packages 
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As 


A13 


RfW 


CE2 


A1• 


Vce 


RFSH 


A16 


Al• 


A12 
A7 


As 


DE 
~ 


AlO 
A. 


CEl 


1/07 


1/06 
Al2 


I/O. 
Al• 
I/O. 
A16 


1/03 
RFSH 


GND 
Vce 


1/02 
Al• 


1/01 
CE2 


1100 
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Ao 


A1 


A2 


A3 
All 


REFRES~~ 
TIMER -.J 


SIGNAL 
PIN NAME 


AtJ- A16 
Address input 


R/W 
Read/Write input 


OE 
Output Enable Input 


SIGNAL 
PIN NAME 


CE1. CE2 
Chip Enable input 
RFSH 
Refresh input 


1/00 -1/07 
Data input/output 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Applied voltage on any pins 
VT 
-1.Oto+7.0 
V 
1 
Operating temperature 
Topr 
Oto +70 
0(; 


Storage temperature 
Tstg 
-55 to +150 
0(; 


Output short circuit current 
10 
50 
mA 
Power consumption 
Po 
600 
mW 


NOTE: 
1. 
The maximum applicable voltage on any pin with resf let to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


GND 
0 
0 
0 
V 


Input voltage 
VIH 
2.4 
Vcc + 0.3 
V 


VIL 
-1.0 
0.8 
V 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 


Ao - A16 
CIN1 
8 
pF 


Input capacitance 
RNI.OE 
CIN2 
5 
pF 


CE1. CE2 
CIN3 
5 
pF 


RFSH 
CIN4 
5 
pF 


Input/output capacitance 
1100 -1107 
COUT1 
10 
pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


LH5P8128-60 
104 
Operating current 
LH5P8128-80 
Icc1 
tRC = tRC(MIN) 
80 
mA 
1,2 


LH5P8128-10 
65 


Standby current 
TIL Input 
Icc2 
1 
mA 
1,3 


CMOS Input 
0.05 
1,4 


Self-refresh average 
TIL Input 
Icc3 
1 
mA 
1,5 
current 
CMOS Input 
0.05 
1,6 
LH5P8128-60 
104 
CPU internal cycle 
LH5P8128-80 
Icc4 
(RNI = OE = VIH) 
80 
mA 
1,2 
average current 
LH5P8128-10 
65 


Input leakage current 
III 
o V ~ VINS 6.5 V 
-10 
10 
!!A 
o V on all other test pins 
o V ~ VOUT~ Vcc + 0.3 V 
I/O leakage current 
ILO 
OU1putin high- 
-10 
10 
!!A 
impedance state 


OUtput HIGH voltage 
VOH 
lOUT= 1 mA 
2.4 
V 


OUtput LOW voltage 
VOL 
lOUT= 4 mA 
0.4 
V 


NOTES: 
1. 
The oUlput pins are in high-impedance state 
2. 
Icc, and Icc4 depend on the cycle time 


3. 
GE, = VIH, RFSH = VIH 


4. 
GE, = Vcc - 0.2 V, RFSH - Vcc - 0.2 V 
5. 
GE, - VIH, RFSH - VIL 
6. 
GE, = Vcc - 0.2 V, RFSH ~ 0.2 V 


LH5P8128-60 
LtI5P8128-80 
LH5P8128-10 
PARAMETER 
SYMBOL 
UNIT 
NOTE 
MIN. 
MAX. 
Mill. 
MAX. 
MIN. 
MAX. 


Random read, write cycle time 
tRC 
100 
130 
160 
ns 


Read modify write cycle time 
tRMW 
155 
195 
235 
ns 


CE pulse width 
tCE 
60 
10,000 
80 
10,000 
100 
10,000 
ns 


CE precharge time 
tp 
30 
40 
50 
ns 


Address setup time 
tAS 
0 
0 
0 
ns 
4 


Address hold time 
tAH 
15 
20 
25 
ns 
4 


Read command setup time 
tRCS 
0 
0 
0 
ns 


Read command hold time 
tRCH 
0 
0 
0 
ns 


CE access time 
teEA 
60 
80 
100 
ns 
5 


OE access time 
tOEA 
25 
30 
35 
ns 
5 


CE to output in Low-Z 
teLZ 
20 
20 
20 
ns 


OE to output in Low-Z 
tOLZ 
0 
0 
0 
ns 


Output enable from end of write 
tWLZ 
0 
0 
0 
ns 


Chip disable to output in High-Z 
teHZ 
20 
25 
30 
ns 
Output disable to output in High-Z 
tOHZ 
20 
25 
30 
ns 
Write enable to output in High-Z 
tWHZ 
20 
25 
30 
ns 
OE setup time 
tOEs 
0 
0 
0 
ns 
OE hold time 
tOEH 
10 
10 
10 
ns 
Write command pulse width 
twP 
30 
30 
30 
ns 
Write command setup time 
twcs 
30 
30 
30 
ns 
Write command hold time 
tWCH 
40 
50 
60 
ns 
Data setup time from write 
tosw 
25 
30 
35 
ns 
6 
Data setup time from CE 
tosc 
25 
30 
35 
ns 
6 
Data hold time from write 
tOHW 
0 
0 
0 
ns 
6 
Data hold time from CE 
tOHC 
0 
0 
0 
ns 
6 
Transition time (rise and fall) 
tT 
3 
35 
3 
35 
3 
35 
ns 
Refresh time interval 
tREF 
8 
8 
8 
ms 
Refresh command hold time 
tRHC 
15 
15 
15 
ns 
Auto refresh cycle time 
tFC 
100 
130 
160 
ns 
Refresh delay time from CE 
tRFO 
30 
40 
50 
ns 
Refresh pulse width 
tFAP 
30 
8,000 
30 
8,000 
30 
8,000 
ns 
(Auto refresh) 


Refresh precharge time 
tFP 
30 
30 
30 
ns 
(Auto refresh) 
Refresh pulse width (Self refresh) 
tFAS 
8,000 
8,000 
8,000 
ns 
CE delay time from refresh 
tFRS 
140 
160 
190 
ns 
precharge (Self refresh) 


NOTES: 
1. 
In order to initialize the circuit, CE, should be kept at V,H or CE2 
should be kept at V,L for 100 f1S after power-up. 


2. 
AC characteristics 
are measured at IT = 5 ns. 


3. 
AC characteristics 
are measured at the following condition (see 
figure at right). 
4. 
Address is latched at the negative edge of CE, or at the positive 
edge of CE2. 


5. 
Measured with a load equivalent to 2TIL + 100 pF. 


6. 
Data is latched at the positive edge of W/R 
or at the positive 
edge of CE, or at the negative edge of CE2. 
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Figure 9. eE Only RefrE!sh 
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LH5P8128 
X 
-## 
Device Type 
Package 
Speed 


Y60L 
60 
80L 
80 
Access Time (ns) 
10L 
100 


Blank 
32-pin, 600-mil DIP (DIP32-P-600) 
N 
32-pin, 525-mil SOP (SOP32-P-525) 
T 
32-pin, 8 x 20 mm2 TSOP(I) (TSOP32-P-0820) 
TR 
32-pin, 8 x 20 mm2 TSOP(I) 
Reverse bend (TSOP32-P-0820) 


CMOS 1M (128K x 8) Pseudo-Static 
RAM 


Example: 
LH5P8128N-60L 
(CMOS 1M (128K x 8) Pseudo-Static 
RAM, 60 ns, 32-pin, 525-mil SOP) 
5P8128·12 


LH5P8512 
PRELIMINARY 


CMOS 4M (512K x 8) Pseudo-Static 
RAM 


• 
Power supply: 
5 V ± 10% for operation 
3.0 V to 5.5 V for data retention 


• 
Power consumption: 
Operating: 
500 mW (MAX.) 
Standby: 
550 IlW (MAX.) 
Self refresh: 
550 IlW (MAX.) VCC 
= 5.5 V 
275 IlW (MAX.) VCC = 3.0 V 


• 
Available for address refresh, 
auto-refresh and self-refresh modes 


• 
Compatible with JEDEC standard 4M 
SRAM pinout 


• 
Packages: 
32-pin, GOO-milDIP 
32-pin, 525-mil SOP 
32-pin, 400-mil TSOP II * 


(normal/reverse 
bend pins) 


The LH5P8512 
is a 4M bit Pseudo-Static 
RAM or- 
ganized 
as 
524,288 
x 8 bits. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


A PSRAM uses on-chip refresh circuitry with a DRAM 
memory 
cell for pseudo-static 
operation 
which 
elimi- 
nates 
external 
clock 
inputs, 
while 
having 
the 
same 
pinout as industry 
standard 
SRAMs. 
Moreover, 
due to 
the 
functional 
similarities 
between 
PSRAMs 
and 
SRAMs, 
existing 
512K x 8 SRAM sockets 
can be filled 
with the LH5P8512 
with little changes. 
The advantage 
is the cost savings realized with the lower cost PSRAM. 


The LH5P8512 
PSRAM can be used for data mem- 
ory 
of compact 
systems 
such 
as palm-top 
terminal 
equipment, 
electronic 
organizers 
and 
notebook 
per- 
sonal computers, 
in place of a low power 
SRAM, 
or a 
slow-refresh 
DRAM, 
by offering 
low cost, 
low power 
standby, 
high density 
and simple 
interface. 
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Figure 1. Pin Connections 
for DIP, SOP and 
TSOP II Packages 


OEI 
RFSH 
4 


WE 


SIGNAL 
PIN NAME 


Ao -A18 
Address input 
WE 
Write Enable input 


OEIRFSH 
Output Enable input/Refresh 
input 


SlmlAL 
PIN NAME 


CE 
Chip Enable input 
1/00 -1/07 
Data input/output 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Applied voltage on any pin 
Vr 
1.0 to +7.0 
V 
1 


Output short circuit current 
10 
50 
mA 


Power consumption 
Po 
1 
W 


Operating temperature 
Topr 
o to +70 
°C 


Storage temperature 
Tstg 
55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


GND 
0 
0 
0 
V 


Input voltage 
VIH 
2.4 
6.5 
V 


VIL 
1.0 
O.B 
V 


LH5P8512-60L 
PARAMETER 
SYMBOL 
CONomONS 
UNIT 
NOTE 
MIN. 
MAX. 


Operating current 
ICCl 
tRC = tRC (MIN.) 
100 
mA 
1,2 


Standby current 
Icc2 
CE = OE/RFSH = VIH (MIN.) 
1.0 
mA 
1,2 


CE = OE/RFSH = Vcc - 0.2 V 
100 
flA 
1 


VIH (MIN.)NIL (MAX.) on all 
1.5 
mA 
1 
Address refresh average 
Icc3 
inputs, tRC = 15.625 ~ 
current 
Vcc • 0.2 V/O.2 
V on all 
inputs, tRC = 15.625 ~ 
600 
flA 
1,2 


VIH (MIN.)NIL (MAX.) on all 
1.5 
mA 
1,2 
Auto refresh average 
Icc4 
inputs, tFC = 15.625 J.l.s 
current 
Vcc - 0.2 V/O.2 
V on all 
inputs, tFC = 15.625 J.l.s 
600 
flA 
1,2 


CE = VIH (MIN.), OE/RFSH = 
1.0 
mA 
1,2 
VIL (MAX.), Vcc = 5.5 V 


Self refresh average current 
ICC5 
CE = Vcc - 0.2 V, OE/RFSH 
100 
flA 
1 
= 0.2 V, VCC = 5.5 V 


CE - Vcc - 0.2 V, OEIRFSH 
50 
flA 
1 
= 0.2 V, Vcc = 3.0 V 


Input leakage current 
III 
o V ~ VIN ~ 6.5 V, 0 V on all 
-10 
10 
flA 
other test pins 


Output leakage current 
ILO 
o V ~ Your ~ 6.5 V, Outputs 
-10 
10 
flA 
in High-Z state 


Output HIGH voltage 
VOH 
10H= -1.0 mA 
2.4 
V 


Output LOW voltage 
VOL 
10L= 2.1 mA 
0.4 
V 


Data retention voltage 
VR 
3.0 
5.5 
V 


NOTES: 
1. 
The oUlput pins are in high-impedance 
state. 


2. 
ICC1. Icc2. Icc3 and Icc4 depend on the cyde time. 


UI5P85'2~OL 
PARAMETER 
SYMBOL 
UNIT 
NOTE 
Mill. 
MAX. 


Random 
read, 
write 
cycle 
time 
tRC 
110 
ns 


Read 
modify 
write 
cycle 
time 
tRMW 
165 
ns 


CE pulse 
width 
tCE 
60 
10,000 
ns 


CE precharge 
time 
tp 
40 
ns 


Address 
setup 
time 
tAS 
0 
ns 


Address 
hold 
time 
tAH 
15 
ns 


Read 
command 
setup 
time 
tRCS 
0 
ns 


Read 
command 
hold 
time 
tRCH 
0 
ns 


CE access 
time 
tCEA 
60 
ns 


OE access 
time 
tOEA 
30 
ns 


CE to output 
in Low-Z 
teLZ 
20 
ns 


OE to output 
in Low-Z 
tOLZ 
0 
ns 


Chip 
disable 
to output 
in High-Z 
tCHZ 
0 
20 
ns 
5 


Output 
disable 
to output 
in High-Z 
tOHZ 
0 
20 
ns 
5 


Write 
enable 
to output 
in High-Z 
tWHZ 
0 
20 
ns 
5 


OE setup 
time 
tOES 
0 
ns 


OE hold 
time 
tOEH 
15 
ns 


Write 
command 
pulse 
width 
twP 
20 
ns 


Write 
command 
setup 
time 
twcs 
20 
10,000 
ns 


Write 
command 
hold 
time 
tWCH 
60 
10,000 
ns 


Data 
setup 
time 
from 
write 
tosw 
20 
ns 


Data 
setup 
time 
from 
CE 
tosc 
20 
ns 


Data 
hold time 
from 
write 
tOHW 
0 
ns 


Data 
hold 
time 
from 
CE 
tOHC 
0 
ns 


Transition 
time 
(rise 
and 
fall) 
tT 
3 
50 
ns 


Refresh 
time 
interval 
tREF 
32 
ms 


Auto 
refresh 
cycle 
time 
tFC 
110 
ns 


Refresh 
delay 
time 
from 
CE 
tRFD 
15 
ns 


Refresh 
pulse 
width 
(Auto 
refresh) 
tFAP 
30 
8,000 
ns 
6 


Refresh 
precharge 
time 
(Auto 
refresh) 
tFP 
30 
ns 
6 


Refresh 
pulse 
width 
(Self 
refresh) 
tFAS 
8,000 
ns 
6 


CE delay 
time 
from 
refresh 
precharge 
(Self 
refresh) 
tFRS 
140 
ns 
6 


Vcc 
recovery 
time 
after 
data 
retention 
tR 
5 
ms 


NOTES: 
1. 
In order to initialize the circuit, CE should be kept in YIH for 1DOfLS 
alter power-up. 


2. 
AC characteristics 
are measured at tr - 5 ns. 


3. 
AC characteristics are measured at the following condition (see figure 
at right): 
4. 
Measured with a load equivalent to lTTL + 100 pF. 


5. 
tcHZ, 10HZ,and lWHZdefine the time at which the output achieve the 
open circuit condition and are not referenced to output voltage levels. 


6. 
Auto refresh and self refresh are defined by RFSH pulse width during 
CE = YIH. If RFSH pulse width is less than lFAP(MAX.), the cycle is 
an auto refresh cycle and memory cells are refreshed by the internal 
counter. If RFSH pulse width is more than tFAS(MIN.), the cycle is 
a self refresh cycle and memory cells are refreshed by the internal 
clock automatically. 
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Figure 5. 
Read Write/Read·Modify·Write 
Cycle 
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NOTE:__ 


1. 
RFSH 
pulse 
width 
should 
be greater 
than teAS (MIN.) 
as well as in the self-refresh 
mode. 


2. 
Falling 
slope 
lime 01 V~ 
(power 
supply 
voltage) 
should 
be greater 
than 50 ms. 


LH5P8512 
Device Type 


-## 
SpeedL{ 
60L 
60 
70L 
70 
Access Time (ns) 
80L 
80 


Blank 
32-pin, BOO-mil DIP (DIP32-P-600) 


L..- 
-( N 
32-pin, 525-mil SOP (SOP32-P-525) 
S 
32-pin, TSOP(II) 
(TSOP32-P-400) 
• 
SR 
32-pin, TSOP(II) 
Reverse bend (TSOP32-P-400) 
• 


'-------------- 
CMOS 4M (512K x 8) Pseudo-Static 
RAM 


X 
Package 


• Consult factory for availability 


Example: 
LH5P8512N-60L 
(CMOS 4M (512K x 8) Pseudo-Static 
RAM, 60 ns, 32-pin, 525-mil SOP) 


GENERAL INFORMATION 
- 1 I 


PSEUDO-STATIC 
RAMs - 2 I 


STATIC RAMs - 3 


I 


MASK-PROGRAMMABLE 
ROMS - 4 I 


FIFO MEMORIES - 5 I 


I 
APPLICATION 
NOTES AND CONFERENCE 
PAPERS - 6 I 


PACKAGING - 7 I 


STATIC RAMs 


Density 
Organb~ation 
Page 


LH5116/H 
16K 
2K x8 
3-1 


LH5116S 
16K 
2K x8 
3-9 


LH5118/H 
16K 
2K x8 
3-16 


LH5168/H 
64K 
8K x8 
3-24 


LH5168SH 
64K 
8K x8 
3-33 


LH51256L 
256K 
32K x 8 
3-41 


LH511000UL 
1M 
128K x 8 
3-48 


LH52250AL 
256K 
32K x 8 
3-57 


LH52256LL 
256K 
32K x 8 
3-65 


LH52252A 
256K 
64K x 4 
3-72 


LH52252B 
256K 
64K x 4 
3-79 


LH52253 
256K 
64K x 4 
3-86 


LH52258 
256K 
32K x 8 
3-93 


LH52258A 
256K 
32K x 8 
3-101 


LH52258B 
256K 
32K x 8 
3-109 


LH521002 
1M 
256K x 4 
3-117 


LH521 007 
1M 
128K x 8 
3-125 


LH521008 
1M 
128K x B 
3-133 


LH521028 
1M 
64K x 18 
3-141 


LH5116 


• 
Access time: 
100 ns (MAX.) 


• 
Power consumption: 
Operating: 
220 mW (MAX.) 
Standby: 
5.5 IlW (MAX.) 


• 
Wide temperature 
range available 
LH5116H: 
-40 to +85°C 


• 
Packages: 
24-pin, 600-mil DIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil, SOP 


• 
Compatible with 16K EPROM and mask 
ROM pinout 


DESCRIPTION 


The LH5116 is a static RAM organized 
as 2,048 x 8 
bits. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 
It features 
high speed access in read mode 
using output enable 
(tOE). 


24-PIN DIP 
24-PIN SK-DIP 
24-PIN SOP 
A7 
"- 
As 


A. 


A3 


Pvz 


A, 


Ao 


110, 


1102 


1103 


GND 


Figure 1. Pin Connections 
for DIP, SK-DIP, 
and SOP Packages 
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SIGNAL 
PIN NAME 


Ao-Al0 
Address 
input 


CE 
Chip 
Enable 
input 


OE 
Output 
Enable 
input 


WE 
Write 
Enable 
input 


SIGNAL 
PIN NAME 


1101 • 1/08 
Data 
input/output 


Vee 
Power 
supply 


GND 
Ground 


CE 
OE 
WE 
MODE 
1101 -1I0a 
SUPPLY CURRENT 
NOTE 


L 
X 
L 
Write 
DIN 
Operating 
(Ice) 
1 


L 
L 
H 
Read 
DouT 
Operating 
(Ice) 


H 
X 
X 
Deselect 
High-Z 
Standby 
(IS8) 
1 


L 
H 
X 
OU1puts disable 
High-Z 
Operating 
(Ice) 
1 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
VCC 
-0.3 to +7.0 
V 
1 


Input voltage 
VIN 
-0.3 to Vcc + 0.3 
V 
1 


Topr 
Oto+70 
°C 
2 
Operating temperature 
-40 to +85 
3 


Storage temperature 
Tstg 
-55 to +150 
°C 


NOTES: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


2. 
Applied to the LH51161D/NA 


3. 
Applied to the LH5116H/HD/HN 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage 
VIH 
2.2 
Vcc + 0.3 
V 


VIL 
-0.3 
0.8 
V 


NOTE: 
1. 
TA = 0 to 70·C (lH5116/DINA), 
TA - -40 to +85·C (lH5116H/HD/HN) 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Output "LOW' voltage 
VOL 
10L= 2.1 mA 
0.4 
V 


OUtput "HIGH" voltage 
VOH 
10H= -1.0 mA 
2.4 
V 


Input leakage current 
IILlI 
VIN= 0 V to Vcc 
1.0 
~ 


Output leakage current 
IILO I 
CE = VIH.VItO= 0 V to Vcc 
1.0 
~ 


Operating current 
ICCl 
Outputs open (OE = Vcc) 
25 
30 
mA 
2 


Icc2 
Outputs open (OE = VIH) 
30 
40 
mA 
3 


Standby current 
IS8 
CE ~ Vcc - 0.2 V 
1.0 
~ 
All other input pins = 0 V to Vcc 
0.2 
4 


NOTES: 
1. 
TA = 0 to 70·C (LH5116/DINA), TA = -40 to +85·C (LH5116H/HD/HN) 


2. 
CE = 0 V; all other input pins = 0 V to Vcc 


3. 
CE = VIl: all other input pins = VIL to VIH 
4. 
TA = 25·C 


AC CHARACTERISTICS 
1 


(1) READ CYCLE 
(VCC = 5 V ± 10%) 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
100 
ns 


Address access time 
tAA 
100 
ns 


Chip enable access time 
tAcE 
100 
ns 
CE Low to output in Low-Z 
tCLl 
10 
ns 
1 


Output enable access time 
tOE 
40 
ns 
Output enable Low to output in Low-Z 
tOll 
10 
ns 
1 


Chip disable to output in High-Z 
lcHl 
0 
40 
ns 
1 


OUtput disable to output in High-Z 
tOHl 
0 
40 
ns 
1 
Output hold time 
tOH 
10 
ns 


NOTE: 
1. 
Active output to high-impedance 
and high-impedance 
to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. CLOAn= 5 pF. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Write 
cycle 
time 
twc 
100 
ns 


Chip 
enable 
to end 
of write 
tew 
80 
ns 


Address 
valid 
time 
tAW 
80 
ns 


Address 
setup 
time 
tAS 
0 
ns 


Write 
pulse 
width 
twP 
60 
ns 


Write 
recovery 
time 
twR 
10 
ns 


Output 
active 
from 
end of write 
tow 
10 
ns 
2 


WE 
Low 
to output 
in High-Z 
tWHZ 
30 
ns 
2 


Data 
valid 
to end 
of write 
tow 
30 
ns 


Data 
hold time 
tOH 
10 
ns 


Output 
enable 
to output 
in High-Z 
tOHZ 
40 
ns 
2 


Output 
active 
from 
end of write 
tow 
10 
ns 
2 


NOTE: 
1. 
TA = 0 to +70·C (LH5116/DINA), TA = -40 to +85·C (LH5116H/HD/HN) 
2. 
Active output to high-impedance 
and high-impedance 
to output active tesls specifled for a ±500 mV transition 
from steady state levels into the test load. CLOAD= 5 pF. 


PARAMETER 
MODE 


Input 
voltage 
amplitude 
0.8 Vto 
2.2 V 


Input 
riselfall 
time 
10 ns 


Timing 
reference 
level 
1.5 V 


Output 
load 
condition 
1TTL + 100 pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Data 
retention 
voltage 
VCCOR 
CE ~ VCCRC - 0.2V 
2.0 
V 


Data 
retention 
current 
IccoR 
CE ~ VCCOR - 0.2V, 
1.0 
fJA 
VCCOR = 3.0 V 
0.2 
2 


Chip 
disable 
to data 
tCOR 
0 
ns 
retention 


Recovery 
time 
tR 
tRC 
ns 
3 


NOTES: 
1. 
TA = 0 to +70·C (LH5116/DINA), TA = -40 to +85·C (LH5116H/HD/HN) 
2. 
TA= 25·C 


3. 
tRC = Read cycle time 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
VIN = 0 V 
7 
pF 


Input/output 
CliO 
VIIO = 0 V 
10 
pF 
capacitance 


NOTE: 
1. 
This parameter is sampled and not production tested. 


:::~:;~T~~~~~T;~~~'~ 


VemAd = = ==\==========;}~~~~~ 
CE 
CE<! VemA 
-0.2 V 
GND------------------------------------- 


IwP 


(NOTE 2) 


NOTES: 


1. WE must be HIGH when there is a change in Ao - A10' 
2. When CE and WE are all LOW-!!t the same time. write occurs during the period fwp. 
3. !wR is the time from the rise of CE or WE, whichever 
is first. to the end of the wr te cycle. 


4. If CE LOW transition occurs at the same time or before WE LOW transition, the outputs will remain high·impedance. 
5. Dour outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the input'output 
pin is in the output state. Durinn this state, input 
signals of opposite logic level must not be applied. 


NOTES: 


1. WE 
m~ 
be HIGH when there is a change in Ao· A10' 


2. When CE and WE Bre all LOW~t th~me 
time, write occurs during the period ~vp. 


3. ~ 
the time from the rise of CE or WE. whichever 
is first. to the end of the write cycle. 


4. If CE lOW transition occurs at the same time or before WE lOW transition, the outputs will remain high·impedance. 
5. DQ,J]"outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the inpuVoutput pin is in the output state. During this state, input 
signals of opposite logic level must not be applied. 
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Figure 7. Electrical Characteristic Curves 
(VCC = 5 V, TA = 25°C unless otherwise specified) 


LH5116 
Device Type 
X 
Package 
-## 
SpeedL 


Blank 24-pin, 600-mil DIP (DIP24-P-600) 
D 24-pin, 300-mil SK-DIP (DIP24-P-300) 
NA 24-pin, 450-mil SOP (SOP24-P-450) 


CMOS 6K (2K x 8) Static RAM 


LH5116H 
Device Type 
X 
Package 
-## 
Speed 
L 
10 
100 Access Time (ns) 


r Blank 24-pin, 600-mil DIP (DIP24-P-600) 
L...-------<lD 
24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 24-pin, 450-mil SOP (SOP24-P-450) 


LH5116S 


FEATURES 
• 2,048 x 8 bit organization 
• Access time: 
1000 ns (MAX.) 
• 
Low power consumption: 
Operating: 
33 mW (MAX.) 
Standby: 
3.3 'tJ.W(MAX.) 
• 
Fully static operation 
• Three-state outputs 
• 
Single +3 V power supply 
• Package: 
24-pin, 450-mil SOP 


DESCRIPTION 


The LH5116S is a static RAM organized 
as 2,048 x 8 
bits. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 
It operates 
at a low 
supply 
voltage 
of 
3 V ± 10%. 
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Figure 1. Pin Connections for SOP Package 


MEMORY CELL 
ARRAY 
(128 x128) 


SIGNAL 
PIN NAME 


Ao-A1o 
Address input 


CE 
Chip Enable input 


OE 
Output Enable input 


WE 
Write Enable input 


SIGNAL 
PIN NAME 


1101 -I/Oa 
Data inpuVoutput 


VeG 
Power supply 


GND 
Ground 


CE 
OE 
WE 
MODE 
1/0, -1/0. 
SUPPLY CURRENT 
NOTE 


L 
X 
L 
Write 
DIN 
Operating (Ice) 
1 


L 
L 
H 
Read 
Dour 
Operating (lee) 


H 
X 
X 
Deselected 
High-Z 
Standby (Isa) 
1 


L 
H 
X 
Output disable 
High-Z 
Operating (Ieel 
1 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Operating temperature 
Topr 
Oto +50 
·C 


Storage temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
2.7 
3.0 
3.3 
V 


VIH 
2.2 
Vcc + 0.3 
V 
Input voltage 
VIL 
-0.3 
0.8 
V 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Output "LOW' voltage 
VOL 
10L= 2.1 mA 
0.5 
V 


Output "HIGH" voltage 
VOH 
10H= -1.0 mA 
Vcc - 0.5 
V 


Input leakage current 
IILlI 
VIN= 0 V to Vcc 
1.0 
J.1A 


Output leakage current 
IILO I 
CE = VIH.VI/O= 0 Vto Vcc 
1.0 
J.1A 


Operating current 
ICCl 
Outputs open (OE = Vcc) 
8 
10 
mA 
1 


Icc2 
Outputs open (OE = VIH) 
8 
10 
mA 
2 


Standby curre nt 
ICCL 
CE ~ Vcc - 0.2 V 
1.0 
J.1A 
All other input pins = 0 V to Vcc 


NOTES: 
1. 
CE _ 0 V; all other input pins - 0 V to Vcc 


2. 
CE - VIL; all other input pins = V1Lto V1H 


AC CHARACTERISTICS 
(VCC = 3 V ± 10%, TA = 0 to +50°C) 


(1) READ CYCLE 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
1000 
ns 


Address access time 
tM 
1000 
ns 


Chip enable access time 
tACE 
1000 
ns 


CE Low to output in Low-Z 
tCLZ 
10 
ns 
1 


Output enable access time 
tOE 
100 
ns 


Output enable Low to output in Low-Z 
tOLZ 
10 
ns 
1 


Chip disable to output in High-Z 
lcHZ 
0 
40 
ns 
1 


Output enable to output in High-Z 
tOHZ 
0 
40 
ns 
1 


Output hold ti me 
tOH 
10 
ns 


NOTE: 
1. 
Active output to high-impedance 
and high-impedance 
to output active tests spec fied for a ±500 mV transition 
from steady state levels into the test load. CLOAO= 5 pF. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Write cycle time 
twc 
1000 
ns 


Chip enable to end of write 
tcw 
100 
ns 


Address valid time 
tAW 
100 
ns 


Address setup time 
tAS 
0 
ns 


Write pulse width 
twP 
100 
ns 


Write recovery time 
tWR 
20 
ns 


WE Low to output in High-Z 
tWHZ 
30 
ns 
1 


Data valid to end of write 
tow 
50 
ns 


Data hold time 
tOH 
20 
ns 


Output active from end of write 
tow 
10 
ns 
1 


Output enable to output in High-Z 
10HZ 
40 
ns 
1 


NOTE: 
1. 
Active output to high-impedance and high-impedance to output active tests specified for a ±500 mV transition 
from steady state levels into the test load. CLOAn 
= 5 pF. 


PARAMETER 
MODE 


Input voltage amplitude 
Oto Vcc 


Input riselfall ti me 
10 ns 


Timing reference level 
1.5V 


Output load conditions 
1TTL + 100 pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Data retention voltage 
VCCOR 
CE ~ VCCOR- 0.2 V 
2.0 
V 


Data retention current 
ICCOR 
CE ~ VCCOR- 0.2 V, 
1.0 
~ 
VCCOR= 2.0 V 
0.2 
1 


Chip disable to data retention 
tCOR 
0 
ns 


Recovery time 
tR 
tRC 
ns 
2 


NOTES: 
1. 
TA = 25°C 


2. 
tRC= Read cycle time 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
VIN= 0 V 
7 
pF 


Input/output capacitance 
CliO 
VIIO= 0 V 
10 
pF 


NOTE: 
1. 
This parameter is sampled and not production tested. 


V 


CC 


j3lcDR 
DATA RETENTION MODE~IR 


25V--------- 
----------------- 
--- 
----- 


2:2 V -- 
-- 
- - -- 
-- 
-- 
-- 
- - - - - -- 
- -- 
-- 
-- 
-- 
-- 
-- 
- 


VCCDR- - - - - - - - - - -.t::=========-- 
- - - - - - - - - 
CE 
CE "VCCDR -0.2 V 
OV------------------------------------- 


1. WE must be HIGH when there is a change in Ao - A10• 
2. When CE and WE are both LOW at the same time, write occurs during the period twp. 
3. twa!!> the time from the rise of CE or WE. whichever is first, to the end of the write cycle. 
4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will r9rTlain high-impedance. 
5. DQUI outputs data with the same logic level as the input data of this write cycle. 
6. If CE is LOW during this period, the inpuVoutput pins are in the output state. During this state. input 
signals of opposite logic level rnJst not be applied. 


tWl' 
(NOTE 2) 


NOTES: 


1. WE 
must be HIGH when 
Ihere is a change 
in Ao - A,o. 


2. When CE and WE are both LOW at the same time, write occurs during the period twp. 
3. tWB..!:>the time from the rise of CE or WE. whichever 
is first to the end of the write cycle. 


4. If CE LOW transition occurs at the same time or before WE LOW transition, the output will remain high-impedance. 
5. Dour outputs data with the same k>gic level as the input data of this write cycle. 
6. If CE and 5E are LOW during this period. the inpuVoutput pins are in the output state. During this state, input 


signals 
of opposite 
logic level musl 
nol be applied. 


LH5116S 
Device Type 
N 
(Blank) 
Package 
SpeedL 1000A'''''' 
Tim,("'I 


24-pin, 450-mil SOP (SOP24-P-450) 


LH5118 


DESCBIPTION 


The LH5118 is a static RAM organized 
as 2,048 x 8 
bits. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


The l.H5118 
accepts 
two chip-enables. 
These 
allow 
data 
to 
be 
held 
with 
battery 
back-up 
for 
memory 
expansion 
(used 
in systems 
with 
multiple 
memory 
devices). 


Low power mode (ISB) is available 
with CE1 and CE2 
deactivated. 


• Access time: 
100 ns (MAX.) 
• Power consumption: 
Operating: 
220 mW (MAX.) 
Standby: 
5.5 IlW (MAX.) 
• Single +5 V power supply 
• Fully static operation 
• TTl compatible I/O 
• Three-state outputs 
• Wide temperature 
range available 
lH5118H: 
-40 to + 85°C 


• 
Packages: 
24-pin, GOO-milDIP 
24-pin, 300-mil SK-DIP 
24-pin, 450-mil SOP 
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Figure 
1. Pin Connections 
for 01P, SK-OI P, 
and SOP Packages 
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SIGNAL 
PIN NAME 


1\(:,- A,D 
Address 
inpu1 


CE2 
Chip 
Enable 
input 
no. 2 


CE, 
Chip 
Enable 
input 
no. 
1 


WE 
Write 
Enable 
input 


SIGNAL 
PIN NAME 


1/0, -I/Oe 
Data 
Input/Output 


Vee 
Power 
supply 


GND 
Ground 


CE, 
CEo 
WE 
MODE 
110, -I/Os 
SUPPLY CURRENT 
NOTE 


X 
H 
X 
Deselect 
High-Z 
Standby 
(ISB) 
1 


H 
X 
X 
Deselect 
High-Z 
Standby 
(ISB) 
1 


L 
L 
L 
Write 
DIN 
Operating 
(Ice) 


L 
L 
H 
Read 
Dour 
Opera1ing 
(Ice) 


NOTE: 
1. 
X=HorL 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input 
voltage 
VIN 
-0.3 to Vcc 
+ 0.3 
V 
1 


Operating 
temperature 
Topr 
Oto+70 
DC 
2 


-40 to +85 
3 


Storage 
temperature 
Tstg 
-55 to +150 
DC 


NOTES: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


2. 
Applied to the LH5118/D/N 


3. 
Applied to the LH5118H/HD/HN 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
voltage 
VIH 
2.2 
Vcc + 0.3 
V 


VIL 
-0.3 
0.8 
V 


NOTE: 
1. 
TA = 0 to +70'C (LH5118/D/NA). TA = -40 to +85DC (LH5118H/HD/HN) 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


OUtput 
"LOW' 
voltage 
VOL 
IOL=2.1 
mA 
0.4 
V 


Output 
"HIGH" voltage 
VOH 
10H = -1.0 mA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 Vto 
Vcc 
1.0 
flA 


Output 
leakage 
current 
IILO I 
CE2 = VIH or CE, 
= VIH, VI/O 
1.0 
flA 
- 0 Vto 
Vcc 


Operating 
current 
Icc, 
Outputs 
open 
(WE = Vcc) 
25 
30 
mA 
2 


ICC2 
OU1puts open 
(WE = VIH) 
30 
40 
mA 
3 


(1) CE2 ~ Vcc 
- 0.2 V, and 
(CE, 
~ Vcc - 0.2 V or 
1.0 
flA 
CE, 
,,; 0.2 V) or 


Standby 
current 
ISB 
(2LfEl 
~ Vcc - 0.2 V, and 
(CE2 ~ Vcc 
- 0.2 V or 
0.2 
flA 
4 
CE2"; 
0.2 V) 
All other 
inputs 
= 0 V to Vcc 


NOTES: 
1. 
TA = 0 to +70'C (LH5118/D/N), TA - -40 to +85'C (LH5118H/HD/HN) 


2. 
CE2 - CE, - 0 V; all other input pins - 0 V to Vcc 
3. 
CE2 = CE, = VIL; all other input pins = Vil to VIH 
4. 
TA_ 25'C 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
100 
ns 


Address access time 
tM 
100 
ns 


CEl access time 
tACEl 
100 
ns 


CE2 access time 
tACE2 
100 
ns 


CEl Low to output in Low-Z 
teLZl 
10 
ns 
2 


CE2 Low to output in Low-Z 
tCLZ2 
10 
ns 
2 


CEl to output in High-Z 
tCHZl 
0 
40 
ns 
2 


CE2 to output in High-Z 
teHZ2 
0 
40 
ns 
2 


Data hold time 
toH 
10 
ns 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Write cycle ti me 
twc 
100 
ns 


Chip enable to end of write 
tcw 
80 
ns 


Address valid time 
tAW 
80 
ns 


Address setup time 
tAS 
0 
ns 


Write pulse width 
twP 
60 
ns 


Write recovery time 
tWR 
10 
ns 


WE Low to output in High-Z 
tWHZ 
30 
ns 
2 


Data valid to end of write 
tow 
30 
ns 


Data hold time 
tOH 
10 
ns 


Output active from end of write 
tow 
10 
ns 
2 


NOTE: 
1. 
TA = 0 to +70'C (LHSl18/DIN), TA = -40 to +8S'C (LHSl18H/HD/HN) 
2. 
Active outputlD high-impedance and high-impedance to output active tesls specifMld for a ±SOOmV transition 
from steady state levels into the test load. CLOAD 
= S pF. 


PARAMETER 
MODE 


Input voltage amplitude 
0.8 Vto 2.2 V 


Input riselfall time 
10 ns 


Input reference level 
1.5 V 


Output load condition 
1TTL + 100 pF 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Data 
retention 
voltage 
VCCOR 
CEI 
~ VCCDR - 0.2V or 
2.0 
V 
CE2 ~ VCCDR - 0.2 V 


CEL~ 
VCCDR - 0.2V, 
and 
(CE~~.vCCDR 
- 0.2 Vor 
1.0 
CE2 ~ 0.2 V) or 
Data 
retention 
current 
ICCDR 
CE2 ~ VCCDR - 0.2V. and 
~ 


(CEI 
~ VCCDR - 0.2 V or 
0.2 
2 
CEI 
~0.2 
V) 
VCCDR = 3.0 V 


Chip 
disable 
to data 
tCDR 
0 
ns 
retention 


Recovery 
time 
tR 
tRC 
ns 
3 


NOTES: 
1. 
TA = 0 to +70"C (LH5118/DIN), TA = ·40 to +85"C (LH5118H/HD/HN) 


2. 
TA = 25"C 


3. 
tAC 
= Read cycle time 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
VIN = 0 V 
7 
pF 


InpUtlOU1put 
CliO 
VIIO = 0 V 
10 
pF 
capacitance 


NOTE: 
1. 
This parameter 
is sampled 
and not production 
tested. 


V 


cc 


~lcOA 
DATA RETENTION MODE F\:'R 


45V--------- 
----------------- 
--- 
----- 


2~V 
-------------------------- 
---- 
----- 


VCCoA 
- - - - 
- - - - - 'l:=:=========f,- 
- - - - - 
- - - - 
CE, or CE2 
CE2 Dr CE, " VCCDR -0.2 V 
. 


GND------------------------------------- 


low 


(NOTE 5) 


twp 


(NOTE 2) 


NOTES: 


1. WE m~ 
~HIGH 
when there is a change in Ao - A,O' 
2. When CE2,CE, and WE are all LOW at the same time, write occurs during the period twp. 
3. twElls the.!!!!le from the rise of CE2,CE, or WE, whichever is first, to the end of the write cycle. 
4. If CE2 or CE, should drop at the same time as WE or later, the output buffer is maintained at high-impedance. 
5. DouT outputs data with the same logic level as the input data of this write cycle. 
6. If both CE, and CE2 are LOW during this period, the inpuVoutput pin is in the output condition. During this condition, 
a data input signal with a logic level opposite that of the output is not permitted. 
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ACCESS TIME VS. AMBIENT TEMPERATURE 
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Figure 6. Electrical 
Characteristic 
Curves 
(VCC = 5 V, TA = 25°C Unless Otherwise 
Specified) 


LH5118 
Device Type 
X 
Package 
-## 
SpeedL 


Blank 
24-pin, 600-mil 
DIP (DIP24-P-600) 
L- 
-{ 
D 
24-pin, 300-mil SK-DIP (DIP24-P-300) 
N 
24-pin, 450-mil 
SOP (SOP24-P-450) 


L- 
CMOS 16K (2K x 8) Static RAM 


X 
Package 
LH5118H 
Device Type 
-## 
SpeedL- 10 
100 
Access Time (ns) 


Blank 
24-pin, 600-mil 
DIP (DIP24-P-600) 
L---------i 
D 
24-pin, 300-mil SK-DIP 
(DIP24-P-300) 
N 
24-pin, 450-mil SOP (SOP24-P-450) 


LH5168 


• 
High speed access time: 


100 ns (MAX.) 


• 
Low power consumption: 
Operating: 
248 mW (MAX.) LH5168/D/N 
275 mW (MAX.) LH5168H/HD/HN 
Standby: 
5.5 JlW (MAX.) LH5168/D/N 
16.5 JlW (MAX.) LH5168H/HD/HN 


• 
Wide temp. range available 
LH5168H: 
-40 to +85°C 


• 
Packages: 
28-pin, 600-mil DIP 
28-pin, 300-mil SK-DIP 
28-pin, 450-mil SOP 
28-pin, TSOP (Type I) 


DESCRIPTION 


The LH5168 is a static RAM organized 
as 8,192 x 8 
bits. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


The 
LH5168H 
is designed 
for 
wide 
temperature 
range from -40 to +85°C. 
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Figure 1. Pin Connections for DIP, SK-DIP, 
and SOP Packages 
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SIGNAL 
PIN NAME 


Ao-A12 
Address inputs 


CE1 -CE2 
Chip Enable input 


WE 
Write Enable input 


OE 
Output Enable input 


SIGNAL 
PIN NAME 


1/01-11Oa 
Data inputs and outputs 


Vcc 
Power supply 


GND 
Ground 


NC 
Non-connection 


CE, 
CE2 
WE 
OE 
MODE 
I/O,·I/Oa 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
X 
Deselect 
High-Z 
Standby (IS8) 
1 


X 
L 
X 
X 
Deselect 
High-Z 
Standby (IS8) 
1 


L 
H 
L 
X 
Write 
DIN 
Operating (Icc) 


L 
H 
H 
L 
Read 
DouT 
Operating (Icc) 


L 
H 
H 
H 
Output disable 
High-Z 
Operating (Icc) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Operating temperature 
Topr 
-10 to +70 
·C 
2 


-40 to +85 
·C 
3 


Storage temperature 
Tstg 
-55 to +150 
·C 


NOTES: 
1. 
The maximum applicable voltage on any pin with ,espacllo 
GND. 
2. 
LH5168/DIN 
3. 
LH5168H/HD/HN 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input voltage 
VIH 
2.2 
Vcc + 0.3 
V 


V,l 
-0.3 
0.8 
V 


NOTE: 
1. 
TA = -10 to +70"C (LH5168/DIN). TA = -40 to +85"C (LH5168H/HD/HN). 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input leakage current 
III 
VIN= Oto Vcc 
1.0 
J.1A 


Output leakage 
CE, = VIHor CE2 = Vil 
ILa 
or OE = VIHor WE = V,l 
1.0 
J.1A 
current 
Vila = 0 to Vcc 


CE, = V,l. VIN= Vil to VIH 
tCYClE= 
45 
2 
CE2 = VIH.Outputs open 
100 ns 
50 
3 
Operating current 
Icc 
CE, = Vil. VIN= 0.2 V to 
mA 


Vcc -0.2 V 
tCYClE= 
10 
CE2 = VIH.Outputs open 
1.0 fls 


IS8' 
CE, = VIHorCE2 = Vil 
10 
mA 
Standby current 
IS8 
CE2 ~0.2 Vor 
TA ~7()·C 
1.0 
J.1A 
2 
CE,. CE2 ~ Vcc - 0.2 V 
TA ~8S·C 
3.0 
J.1A 
3 


Output voltage 
Val 
IOl= 2.1 mA 
0.4 
V 


VOH 
10H=-1 mA 
2.4 
V 


NOTES: 
1. 
TA = -10 to 70"C (LH5168/D/N). TA = -40 to +85"C (LH5168H/HD/HN) 
2. 
LH5168/DIN 
3. 
LH5168H/HD/HN 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
tRC 
100 
ns 


Address 
access 
time 
tM 
100 
ns 


Chip 
enable 
I 
(CE1) 
tACE1 
100 
ns 


access 
time 
I 
(CE2) 
tAcE2 
100 
ns 


Output 
enable 
access 
time 
toE 
40 
ns 


Output 
hold 
time 
tOH 
10 
ns 


Chip 
enable 
to 
I 
(CE,) 
tLZ' 
10 
ns 
2 
output 
in Low-Z 
I 
(CE2) 
tLZ2 
10 
ns 
2 


Output 
enable 
to output 
in 
tOLZ 
5 
ns 
2 
Low-Z 


Chip 
enable 
to 
I 
(CE1) 
tHZ1 
0 
30 
ns 
2 
output 
in High-Z 
I 
(CE2) 
tHZ2 
0 
30 
ns 
2 


Output 
disable 
to output 
in 
tOHZ 
0 
20 
ns 
2 
High-Z 


NOTE: 
1. 
TA = -10 to +70°C (LH5168/DIN). TA. 
-40 to +85°C (LH5168H/HD/HN) 
2. 
Active output to high-impedance 
and high-impedance 
to output active tests specif ••d for a ±500 mV transition 
from steady state levels into the test load. CLOAO= 5 pF. 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Write 
cycle 
time 
twc 
100 
ns 


Chip 
enable 
to end 
of write 
tcw 
80 
ns 


Address 
valid 
to end 
of write 
tAW 
80 
ns 


Address 
setup 
time 
tAS 
0 
ns 


Write 
pulse 
width 
twP 
60 
ns 


Write 
recovery 
time 
tWR 
0 
ns 


Data 
valid 
to end of write 
tDW 
40 
ns 


Data 
hold time 
tDH 
0 
ns 


Output 
active 
from 
end 
of write 
tow 
10 
ns 
1 


WE to output 
in High-Z 
twz 
0 
30 
ns 
1 


OE to output 
in High-Z 
tOHZ 
0 
20 
ns 
1 


NOTE: 
1. 
Active output to high-impedance 
and high-impedance 
to output active tests specifled for a ±500 mV transition 
from steady state levels into the test load. CLOAO• 5 pF. 


PARAMETER 
MODE 


Input 
voltage 
amplitude 
0.6102.4 
V 


Input 
riselfall 
time 
10 ns 


Timing 
reference 
level 
1.5 V 


OUtput 
load 
conditions 
(1TTL + CL = 100 pF) 


PARAMETER 
SYMBOL 
eONomONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
VIN = 0 V 
7 
pF 


Input/output 
capacitance 
ClIO 
VI/O = 0 V 
10 
pF 


NOTE: 
1. 
This parameter is sampled and not production lested. 


PARAMETER 
SYMBOL 
eONOmONS 
MIN. 
MAX. 
UNIT 
NOTE 


Data 
retention 
voltage 
VCCDR 
CE2 $0.2 Vor 
2.0 
V 
CE,. 
CE2 ~ Vcc 
- 0.2 V 


VCCDR = 3 y....- 
0.6 
~ 
2 
Data 
retention 
current 
ICCDR 
CE2 $ 0.2 Vor 
CE1, 


CE2 ~ VCCDR - 0.2 V 
1.5 
~ 
3 


Chip 
disable 
to data 
retention 
tCDR 
0 
ns 


Recovery 
time 
tRDR 
IRC 
ns 
4 


NOTES: 
1. 
TA - -10 10 +70·e (lH5168/DIN), TA = -40 10 +85·C (lH5168H/HD/HN) 
2. 
LH5168/DIN al TA 5 70·C 
3. 
lH5168H/HD/HN al TA 5 85·C 


4. 
lAC = Read cycle lime 


eE, CONTROL (NOTE) 


Vcc 


CE, ~ VCCDA 
-0.2 V 
OV---------------------------------- 


OV----------------------------------- 
CE2 50.2 V 


'Rc 


1M 


IACE1 


ILZ1 


lACE. 


'= 


lcw 


(NOTE 2) 


WE 


(NOTE 5) 


DouT 


low 
IoH 


D'N 
(NOTE 6) 
DATA VALID 


NOTES: 
1. The writing occurs during the overlap (lwP) of CE, ="LOW", CE2 = "HIGH", and WE = "LOW". 
2. lcw is defined as the time from the last occuring transition, either CE, LOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. lwR is defined as the time from writing finish to address change. 
5. If CE, LOW transition or CE2 HIGH transition occurs at the same time or after WE LOW transition, the 
output will remain high-impedance. 


6. While the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 


lcw 


(NOTE 2) 


tAS 
(NOTE 3) 


NOTES: 
1. The writing occurs during the overlap (twp) of CE, ="lOW", 
CE2 = "HIGH", and WE = "lOW". 


2. lcw is defined as the time from the last occuring transition, either CE, lOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. lvm.!s defined as the time from writing finish to address change. 
_ 
5. If CE, lOW transition or CE2 HIGH transition occurs at the same time or after WE lOW transition, the 
0.l!!Eutwill remain high-impedance. 
_ 


6. If CE, HIGH transition or CE2 lOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 
7. While the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 


LH5168 
Device Type 
X 
-## 
Package 
SpeedY 


10L 
100 
Access Time (ns) 


Blank 
28 pin, 600-mil DIP (DIP 28-P-600) 
D 
28-pin, 300-mil SK-DIP (SK-DIP28-P-300) 
N 
28-pin, 450-mil SOP (TSOP28-P-450) 
T 
28-pin, TSOP Type I (TSOP28-P-0813) 
TR 
28-pin, TSOP Type I Reverse Bend (TSOP28-P-0813) 


'------------i 
Blank 
-10 to 70°C 
H -40 to +85°C 


L- 
CMOS 64K (8K x 8) Static RAM 


Example: 
LH5168D-10L 
(CMOS 64K (8K x 8) Static RAM, 100 ns, 28-pin, 300-mil SK-DIP) 


X 
Operating 
Temperature 


LH5168SH 


DESCRIPTION 


The 
LH5168SH 
is 
a static 
RAM 
organized 
as 
8,192 x 8 bits. It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


It is deHigned for 2.5 to 5.5 V low voltage 
operation 
and wide temperature 
range from -40 to +85°C. 
• Access time: 


500 ns (MAX.) 
• 
Low current consumption: 
Operating: 
20 mA (MAX.), 
10 mA (tRC, twc = 1 IlS) 
Standby: 
1 IlA (MAX.) @ lOoe 
3 IlA (MAX.) @ 85°e 
• 
Fully static operation 
• Three-state outputs 
• Single 2.5 to 5.5 V power supply 
• TTL compatible I/O 
• Wide temp. range 
toPR: -40 to +85°e 


• 
Package: 
28-pin, 450-mil SOP 
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SIGNAL 
PIN NAME 


Ao - A,2 
Address 
Inputs 


CE, 
-CE2 
Chip 
Enable 
input 


WE 
Write 
Enable 
input 


OE 
OUtput 
Enable 
input 


SIGNAL 
PIN NAME 


1/01 -IIOa 
Data 
inputs 
and outputs 


Vcc 
Power 
supply 


GND 
Ground 


NC 
Non 
connection 


CE, 
CE2 
WE 
OE 
MODE 
110, -110, 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
X 
Deselect 
High-Z 
Standby 
(ls8) 
1 


X 
L 
X 
X 
Deselect 
High-Z 
Standby 
(158) 
1 


L 
H 
L 
X 
Write 
DIN 
Operating 
(Icc) 


L 
H 
H 
L 
Read 
DOllr 
Operating 
(Icc) 


L 
H 
H 
H 
Output 
disable 
High-Z 
Operating 
(Icc) 


PARAMETER 
SYMBOL 
RATING 
UNIT 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
-40 to +85 
·C 


Storage 
temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respecllo 
GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 
voltage 
Vcc 
2.5 
3.0 
5.!> 
V 


Input 
voltage 
VIH 
Vcc 
- 0.2 
Vcc + 0.3 
V 
(Vcc 
= 2.5 to 4.5 
V) 
VIL 
-0.3 
0.2 
V 


Input 
voltage 
VIH 
2.2 
Vcc + 0.3 
V 
(Vcc 
= 4.5 to 5.5 V) 
VIL 
-0.3 
0.8 
V 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 
leakage 
current 
IILlI 
VIN = Oto Vcc 
-1.0 
1.0 
f!A 


Output 
leakage 
CE, = VIH or CE2 = VIL 


IILO I 
or OE = VIH or WE = VIL 
-1.0 
1.0 
f!A 
current 
VIIO = 0 to Vcc 


CE, 
= 0.2 V, VIN = 0.2 V or 
Vcc 
- 0.2 V 
tCYCLE = 
20 
CE2 = Vcc 
- 0.2 V, 
500 ns 
Output 
open 


CE, = 0.2 V, VIN - 0.2 V or 
Operating 
supply 
Icc 
Vcc - 0.2 V 
tCYCLE = 
10 
mA 
current 
CE2 = Vcc 
- 0.2 V, 
1.0 llS 
Output 
open 


CE1 = 0.2 V, VIN = 0.2 V or 
Vcc - 0.2 V 
tCYCLE = 
8 
CE2 = Vcc 
- 0.2 V, 
1.0 llS 
Output 
open, 
Vcc = 3.3 V 


IS8 
CE2:-; 0.2 Vor 
- +70·C 
1.0 
f!A 
Standby 
current 
CE1 ~ Vcc - 0.2 V 
- +8S·C 
3.0 
1 


158' 
CE, = VIH or CE2 - VIL 
5 
mA 


Output 
Low 
voltage 
VOL 
10L = 500 f!A 
0.5 
V 


Output 
High 
voltage 
VOH 
10H = -500 
f!A 
Vcc 
- 0.5 
V 
2 


NOTE: 
1. 
CE2 should be ~ Vcc - 0.2 V or ,; 0.2 V. 


2. 
VOHis 4.5 V (Min.) at Vcc > 5 V. 


AC CHARACTERISTICS 


(1) READ CYCLE 
(TA = -40 to +85°C, VCC = 2.5 to 5.5 V) 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read cycle 
tRC 
500 
ns 


Address access time 
tM 
500 
ns 


Chip enable 
I 
(CE,) 
tACEI 
500 
ns 
access time 
I 
(CE2) 
tAcE2 
500 
ns 


Output enable access time 
toE 
200 
ns 


Output hold time 
tOH 
10 
ns 


Chip enable to 
I 
(CEI) 
tLZI 
20 
ns 
1 
output in Low-Z 
I 
(CE2) 
tLZ2 
20 
ns 
1 


Output enable to output in Low-Z 
toLZ 
10 
ns 
1 


Chip enable to 
I 
(CEI) 
tHZ' 
0 
60 
ns 
1 
output in High-Z 
I 
(CE2) 
tHZ2 
0 
60 
ns 
1 


Output disable to output in High-Z 
tOHZ 
0 
40 
ns 
1 


PARAMETER 
SYMBOL 
MIN. 
MA)(. 
UNIT 
NOTE 


Write cycle time 
twc 
500 
ns 


Chip enable to end of write 
tew 
250 
ns 


Address valid to end of write 
tAW 
250 
ns 


Address setup time 
tAS 
100 
ns 


Write pulse width 
twP 
150 
ns 


Write recovery time 
tWR 
50 
ns 


Data valid to end of write 
tow 
100 
ns 


Data hold time 
tOH 
0 
ns 


Output active from end of write 
tow 
20 
ns 


WE to output in High-Z 
twz 
0 
60 
ns 
1 


OE to output in High-Z 
tOHZ 
0 
40 
ns 
1 


NOTE: 
1. 
Active output to high-impedance 
and high-impedance 
to output active tests specJfied for a ±500 mV transition 
from steady state levels into the test load. CLOAO 
= 5 pF. 


PARAMETER 
MODE 


Input voltage amplitude 
Oto Vcc 


Input riselfall ti me 
10 ns 


Timing reference level 
1.5V 


Output load conditions 
No load 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
GIN 
VIN= 0 V 
7 
pF 
Input/output capacitance 
CliO 
VIIO= 0 V 
10 
pF 


NOTE: 
This parameter is sampled and not production tested. 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. __ ,··MAX. 
UNIT 
NOTE 


Data 
retention 
voltage 
VCCDR 
CE2 ~0.2 
Vor 
2.0 
V 
1 
CE, 
~ VCCDR - 0.2 V 


VCCDR = 3.0 V 
I 
TA •• 25°C 
0.2 


Data 
retention 
current 
ICCDR 
CE2:!> 0.2 Vor 
I 
TA •• 70°C 
0.6 
J.!A 


CE, 
~ VCCDR - 0.2 V 
1.5 
1 


Chip 
disable 
to data 
retention 
tCDR 
0 
ns 


Recovery 
time 
tRDR 
tRC 
ns 
2 


NOTE: 
1. 
CE2 should be ~ VCCDR- 0.2 V or 5 0.2 V. 


2. 
tRC = Read cycle time 


CE,CONTROL(NOTE) 


Vcc 


CE, ~ VCCDR-0.2 V 
OV---------------------------------- 


OV----------------------------------- 


CE2s 0.2 V 


NOTE: To control data hold at CE,. fix the input level of CE2 between VCCORto VCCDR-0.2 V or 0 V to 0.2 V 
during the data retention. 


tew 


(NOTE 2) 


NOTES: 
1. The writing cx:curs during the overlap (twp) of CE, c"lOW", CE2 - "HIGH", and WE - "lOW". 
2. lcw is defined as the time from the last cx:curing transition, either CE, lOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 


3. tASis defined as the time from address change to writing start. 
4. t~ 
defined as the time from writing finish to address change. 


5. If CE, lOW transition or C~ 
HIGH transition cx:curs at the same time or after WE lOW transition, the 
output will remain high-impedance. 


6. While the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 


tew 


(NOTE 2) 


tAS 
(NOTE 3) 


NOTES: 


1. The writing occurs during the overlap (twp) of CE, ="LOW", CE2 = "HIGH", and WE = "LOW". 
2. tew is defined as the time from the last occuring transition, either CE, LOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 
3. tAS is defined as the time from address change to writing start. 
4. lwR is defined as the lime from writing finish to address change. 
5. If CE, LOW transition or CE2 HIGH transition occurs at the same time or aller WE LOW transition, the 
0!!!2utwill 
remain high-impedance. 
_ 


6. If CE, HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 


7. While the 1/0 pins are in the output state, input signals with the opposite logic level must not be applied. 


LH5168SH 
Device Type 
N 
(Blank) 
Package 
Speed 


I__ 
l- 


CMOS 64K (8K x 8) Static RAM 
H = -40°C to +85°C Operation 
S = 3 V Operation 


LH51256L 


• 
Access times: 
100/120 ns (MAX.) 


• 
Power consumption: 
Operating: 
248 mW (MAX.) 


(TA = -40 to 85°C, minimum cycle) 
Standby: 
5.5 J.lW 
(MAX.) 


(TA = 0 to GO°C) 


• 
Packages: 
28-pin, GOO-milDIP 
28-pin, 450-mil SOP 


DESCRIPTION 


The LH51256L 
is a 256K bit static 
RAM organized 
as 32,768 
x 8 bits which 
provides 
low-power 
standby 
mode. 
It is fabricated 
using silicon-gate 
CMOS process 
technology. 
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Figure 1. Pin Connections for DIP and 
SOP Packages 
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SIGNAL 
PIN NAME 


Ao- A14 
Address input 


CE 
Chip Enable input 


WE 
Write Enable input 


OE 
Output Enable input 


SIGNAL 
PIN NAME 


1/01 ·llOa 
Data Input/Output 


Vce 
Power supply 


GND 
Ground 


CE 
WE 
OE 
MODE 
V01 - VOl 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
Non selected 
High-Z 
Standby (IS8) 
1 


L 
L 
X 
Write 
DIN 
Operating (Ice) 
1 


L 
H 
L 
Read 
DOUT 
Operating (Ice) 


L 
H 
H 
OutpU1disable 
High-Z 
Operating (Ice) 


NOTE: 
1. 
X-HorL 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input 
voltage 
VIN 
-0.3 to +7.0 
V 
1 


Operating 
temperature 
Topr 
-40 to +85 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MA):. 
UNIT 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
voltage 
VIH 
2.2 
Vcc + 0.3 
V 


VIL 
-0.3 
0.8 
V 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
leakage 
current 
IILlI 
Vcc 
= 5.5 V 
1 
~ 
VIN = Oto Vcc 


Output 
leakage 
current 
IILO I 
CE or OE = VIH. 
1 
~ 
VIIO = 0 to Vcc 


Operating 
current 
Icc 
CE = VIL. 
45 
mA 
Outputs 
open 


IS61 
CE = VIH 
10 
mA 


CE <: Vcc - 0.2 V 
1 
~ 
Standby 
current 
IS6 
TA = 0 to +60°C 


CE <: Vcc - 0.2 V 
5 
~ 
TA = -40 to +85°C 


Output 
voltage 
VOL 
tOL =2.1 
mA 
0.4 
V 


VOH 
10H = -1.0 mA 
2.4 
V 


AC CHARACTERISTICS 


(1) READ CYCLE 
(VCC = 5 V ± 10%, TA = -40 to +85°C) 


LH51256/N-10L 
LH51256/N-12L 
PARAMETER 
SYMBOL 
UNIT 
NOTE 


MIN. 
MAX. 
MIN. 
MAX. 


Read 
cycle 
time 
tAC 
100 
120 
ns 


Address 
access 
time 
tAA 
100 
120 
ns 


Chip 
enable 
access 
time 
tAcE 
100 
120 
ns 


Output 
enable 
access 
time 
tOE 
50 
60 
ns 


Output 
hold 
time 
tOH 
5 
5 
ns 


CE 
Low to output 
in Low-Z 
tLZ 
5 
5 
ns 
1 


OE 
Low to output 
in Low-Z 
tOLZ 
5 
5 
ns 
1 


CE 
High 
to output 
in High-Z 
tHZ 
0 
30 
0 
30 
ns 
1 


OE 
High 
to output 
in High-Z 
tOHZ 
0 
30 
0 
30 
ns 
1 


LH512561N-10L 
LH512561N-12L 
PARAMETER 
SYMBOL 
UNIT 
NOTE 
MIN. 
MAX. 
MIN. 
MAX. 


Write 
cycle 
time 
twc 
100 
120 
ns 


CE 
Low to end of write 
tcw 
90 
100 
ns 


Address 
valid 
to end 
of write 
tAW 
90 
100 
ns 


Address 
setup 
time 
tAS 
5 
5 
ns 


Write 
recovery 
time 
tWR 
15 
15 
ns 


Write 
pulse 
width 
twP 
50 
50 
ns 


Input 
data 
setup 
time 
tow 
30 
30 
ns 


Input 
data 
hold 
time 
toH 
10 
10 
ns 


WE 
High 
to output 
in Hlgh-Z 
tow 
0 
0 
ns 
1 


WE 
Low 
to output 
in High-Z 
twz 
0 
30 
0 
30 
ns 
1 


OE 
High 
to output 
in High-Z 
tOHZ 
0 
30 
0 
30 
ns 
1 


NOTE: 
1. 
Active output to high-impedance 
and high-impedance 
to output active tests specified for a ±500 mV transition 
from steady stala levels into !he last load. CLOAD= 5 pF. 


PARAMETER 
MODE 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
riselfall 
time 
10 ns 


Timing 
reference 
level 
1.5 V 


1TIL 
+ CL = 100 pF 
Output 
load 
conditions 
(Includes 
scope 
and jig 
capac~ance) 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
VIN = 0 V 
7 
pF 


Input/output 
capacitance 
ClIO 
VIIO = 0 V 
10 
pF 


NOTE: 
1. 
This paramelar is sampled and not production teslad. 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Data 
retention 
voltage 
VCCoR 
CE 2 VCCoR - 0.2 V 
2.0 
V 


_VCCoR 
= 3.0 V. 
CE 2 VCCoR - 0.2 V. 
0.6 
flA 
TA = 0 to +60°C, 


Data 
retention 
current 
ICCoR 
VIN = 0 to VCCoR 


VCCoR = 3.0 V 
CE 2 VCCoR - 0.2 V, 
3.0 
flA 
TA = -40 to +85°C. 
VIN = 0 to VCCoR 


CE setup 
time 
tCoR 
0 
ns 


CE hold time 
tRoR 
tRC 
ns 
1 


NOTE: 
1. 
tRC = Read cycle time 


VCCOA 


CE;, VCCDA 
-0.2 V 


tAW 


few (NOTE 
2) 


twP 


(NOTE 
1) 


NOTES: 
1. The write pulse 
occurs 
during 
the overlap 
(twp) of CE = LOW and WE = LOW. 
2. tcw is defined 
as the time from CE LOW transition 
to the end ot writing. 


3. tAS is defined 
as the time from address 
change 
to the start 01 writing. 
4. tWR is defined 
as the time from the end of wr~ing to the address 
change. 
5. When 
the VO pins are in the output 
state, 
input signals 
with the opposite 
logic level must not be applied. 


tAW 


few 
(NOTE 
2) 


tAS 
(NOTE 
3) 
"",p 


(NOTE 
1) 


NOTES: 
1. The write 
pulse 
occurs 
during 
the overlap 
(lwp) of CE = LOW and WE 
= LOW. 
2. few is defined 
as the ~me from CE LOW transi~on 
to the end of wri~ng. 


3. tAS is defined 
as the ~me from address 
change 
to the start of wri~ng. 
4. lwR is defined 
as the ~me from the end of wri~ng 
to the address 
change. 
5. When 
the 1/0 pins are in the output 
state, 
input signals 
with 
the opposite 
Ingic level 
must 
not be applied. 
6. If CE LOW 
transition 
occurs 
at the same 
time or after WE LOW 
transi~on, 
the output 
will remain 
high-impedance. 


7. If CE HIGH 
transi~on 
occurs 
at the same 
~me or prior to the WE HIGH 
transi~on, 
the output 
will remain 
high-impedance. 


LH51256 
Device Type 
X 
Package 
-## 
Speed 


I 
(10L 
100 
. 
-----~ 
12L 
120 
Access Time (n5) 


L- 
~ Blank 
28-pin, 600-mil 
DIP (DIP28-P-600) 


N 
28-pin, 450-mil SOP (SOP28-P-450) 


LH511000UL 
PRELIMINARY 


CMOS 1M (128K x 8) Static 
RAM 


• 
131,072 
x 8 bit organization 


• 
Access 
times: 


100/120 
ns (MAX.) 


• 
Power consumption: 


Operating: 
330 mW (MAX.) 
Standby 
at TA = 0 to 70°C 
22 IlW (MAX.) 


• 
Wide temperature 
range 
-40 to +85°C 


• 
Fully static operation 


• 
TTL compatible 
1/0 


• 
Three 
state outputs 


• 
Single +5 V power supply 


• 
Packages: 


32-pin, 
600-mil 
DIP 
32-pin, 
525-mil 
SOP 
32-pin, 
8 x 20 mm2 TSOP 
(Type I) 
(normal 
and reverse 
bend pins) 


The LH511000UL 
is a 1M bit static RAM organized 
as 131,072 
x 8 bits. It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 
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Figure 1. Pin Connections 
for DIP and 
SOP Packages 
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SIGNAL 
PIN NAME 


Ao-A,6 
Address Input 


CE, - CE2 
Chip Enable input 


WE 
Write Enable input 


OE 
Output Enable input 


SIGNAL 
PIN NAME 


1/0, -1/0s 
Data Input/Output 


Vee 
Power supply 


GND 
Ground 


CE, 
CEo 
WE 
OE 
MODE 
VO, • V(). 
STANDBY CURRENT 
NOTE 


H 
X 
X 
X 
Non selected 
High-Z 
Standby (ISB. ISB') 
1 


X 
L 
X 
X 
Non selected 
High-Z 
Standby (ISB. ISB') 
1 


L 
H 
L 
X 
Wr~e 
DIN 
Operating (Ice) 
1 


L 
H 
H 
L 
Read 
Dour 
Operating (Ice) 


L 
H 
H 
H 
Output disable 
High-Z 
Operating (Ice) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input 
voltage 
VIN 
-0.3 to Vcc 
+0.3 
V 
1 


Operating 
temperature 
Topr 
-40 to +85 
·C 


Storage 
temperature 
Tstg 
-65 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
voltage 
VIH 
2.2 
Vcc + 0.3 
V 


VIL 
-0.3 
0.8 
V 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Output 
LOW 
VOL 
10L= 2.0 mA 
0.4 
V 
voltage 


Output 
HIGH 
VOH 
10H - -1.0 mA 
2.4 
V 
voltage 


Input 
leakage 
I III I 
VIN = Oto Vcc 
1 
fJA 
current 


Output 
CE, 
= VIH or CE2 = VIL. 
leakage 
IILO I 
or OE = VIH or WE = VIL. 
1 
fJA 
current 
VI/O = Oto Vcc 


CE, 
= VIL. VIN = VIL to VIH 
Icc, 
CE2 = VIH. Cycle 
= MIN. 
60 
mA 
Operating 
Outputs 
open 
current 
CE, 
~ 0.2 V. CE2 ~ Vcc - 0.2 V. 
1 
6 
1 
Icc2 
VIN ~ 0.2 V or VIN ~ Vcc 
- 0.2 V. 
mA 
Cycle 
= 1 MHz. Outputs 
open 
5 
15 
2 


Standby 
158' 
CE2. CE, 
= VIH or CE2 = VIL 
3 
mA 


current 
IS8 
CE2 ~ 0.2 Vor 
CE,. 
CE2 ~ 
4 
fJA 
3 
Vcc-0.2V 
12 
4 


NOTES: 
1. 
Read cycle 
2. 
Write cycle 
3. 
TA= 010 700e 
4. 
TA = -40 to +65°e 


AC CHARACTERISTICS 


(1) READ CYCLE 
(VCC = 5 V ± 10%, TA = -40 to +85°C) 


100 ns 
120 ns 
PARAMETER 
SYMBOL 
UNIT 
MIN. 
MAX. 
Mill. 
MAX. 


Read cycle time 
tRC 
100 
120 
ns 


Address access time 
tM 
100 
120 
ns 


Chip enable access time 
tACE1 
100 
120 
ns 


tACE2 
100 
120 
ns 


OUtput enable time 
toE 
50 
60 
ns 


Output hold time 
tOH 
10 
10 
ns 


CE Low to output in Low-Z 
ILz, 
5 
5 
ns 


ILZ2 
5 
5 
ns 


OE Low to output in Low-Z 
tOLZ 
5 
5 
ns 


CE High to output in High-Z 
tHZ' 
a 
35 
a 
45 
ns 


tHZ2 
a 
35 
a 
45 
ns 


OE High to output in High-Z 
tOHZ 
a 
35 
a 
45 
ns 


LH511000lN-10UL 
LH5110001N-12UL 
PARAMETER 
SYMBOL 
UNIT 


MIN. 
MAX. 
MIN. 
MAX. 


Write cycle time 
twc 
100 
120 
ns 


CE Low to end of write 
tcw 
80 
100 
ns 


Address valid to end of write 
tAW 
80 
100 
ns 


Address setup time 
tAS 
a 
a 
ns 


Write recovery time 
tWR 
a 
a 
ns 


Write pulse width 
twP 
75 
85 
ns 


Input data setup time 
tow 
40 
50 
ns 


Input data hold time 
tOH 
a 
0 
ns 


WE High to output in High-Z 
tow 
a 
0 
ns 


WE Low to output in High-Z 
twz 
5 
5 
ns 


OE High to output in High·Z 
tOHZ 
a 
35 
a 
45 
ns 


PARAMETER 
MODE 


Input voltage amplitude 
0.6to 2.4V 


Input riselfall time 
10 ns 


Timing reference level 
1.5V 


lTTL+ 
100 pF 
Output load conditions 
(Includes scope and jig 
capacitance) 


PARAMETER 
SYMBOL 
CONomONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input capacitance 
CIN 
VIN= 0 V 
10 
pF 
1 


Input/output capacitance 
CliO 
VIIO=OV 
10 
pF 
1 


NOTE: 
1. 
This parameter is sampled and not production tested. 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


VCCOR 
CE2 ~0.2 Vor 
2.0 
V 
CE" CE2 ~ Vcc - 0.2 V 
Data retention 
CE2 ~0.2 V, 
25°C 
0.1 
!.LA 
voltage 
ICCOR 
Vcc = 2 Vor 
Oto 70°C 
2 
!.LA 
CE" CE2 ~ Vcc - 0.2 V 
VCC=3 V 
-40 to 85°C 
6 
!.LA 


CE setup time 
tCOR 
0 
ns 


CE hold time 
tR 
tRC 
ns 
1 


NOTE: 
1. 
tRC= 
Read cycle time 


leOR 


4.5 V - - - - - - - 


CE, ~ VCCOR 
-0.2 V 
Ov---------------------------------- 


4~V------------------------------------- 
CE2!coR 
~ 


OV----------------------------------- 
CE2,;0.2V 


lAC 


1M 


t"CEl 


tLZ' 


tACE2 


ILZ2 


IciE 


IoLZ 


lcw 


(NOTE 2) 


NOTES: 
1. The writing ocx:ursduringthe 
overlap (twp) of CE, -·LOW·, 
CE2 a ·HIGH", and WE a ·LOW·. 
2. lcw is defined as the time from the last occuring transition, either CE, LOW transition or CE2 HIGH transition, 


to the time when the writing is finished. 


3. tASIs defined as the time from address change to writing start. 
4. tWR is defined as the time from writing finish to address change. 
5. If CE, HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 


6. While the 110pins are in the output state, input signals with the opposite logic level must not be applied. 


tAS 
(NOTE 3) 


lcw 


(NOTE 2) 


NOTES: 
1. The writing occurs during the overlap (twp) of CE, ."LOW", 
CE2 = "HIGH", and WE = "LOW". 


2. lcw is defined as the time from the last occuring transition, either CE, LOW transition or CE2 HIGH transition, 
to the time when the writing is finished. 


3. tAS is defined as the time from address change to writing start. 
4. tWR is defined as the time from writing finish to address change. 
5. If CE, LOW transition or CE2 HIGH transition occurs at the same time or after WE LOW transition, the 
0!:!.!eutwill remain high-impedance. 
_ 


6. If CE, HIGH transition or CE2 LOW transition occurs at the same time or before WE HIGH transition, the 
output will remain high-impedance. 


7. While the 110 pins are in the output state, input signals with the opposite logic level must not be applied. 


- ## 
UL 
Speed 
Standby 
L={ 


4~MAX. 
(TA=Oto70°C) 


10 
100 
Access Time (ns) 
12 
120 


Blank 
32-pin, 600-mil 
DIP (DIP32-P-600) 
N 
32-pin, 525-mil SOP (SOP32-P-525) 
'----------~ 
T 
32-pin, 8 x 20 mm2 TSOP (TSOP32-P-0820) 
TR 
32-pin, 8 x 20 mm2 TSOP 
(TSOP32-P-0820) 
Reverse bend pin 


'---------------- 
CMOS 1M (128K x 8) Static RAM 


Example: 
LH511 000N-1 OUL (CMOS 1M (128K x 8) Static RAM, 100 ns, 4 ~ 
standby, 
32-pin, 525-mil SOP) 


511000-6 


LH511000 
Device Type 


X 
Package 


LH52250AL 


• 
Access Times: 70/100 ns 


• 
Automatic Power Down During long 
Read Cycles 


• 
low Power Standby When Deselected 


• 
TTl Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
2 V Data Retention 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, GOO-milDIP 
28-Pin, 450-mil SOP 


FUNCTIONAL DESCRIPTION 


The LH52250AL 
is a high-density 
262,144 
bit static 
RAM organized as 32K x 8. An efficient design is obtained 
with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read 
and 
Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (ISB1) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles 
occur when 
both Chip Enable 
(E) and 
Write Enable (W) are LOW. Data is transferred 
from the 
DO pins to the 
memory 
location 
specified 
by the 
15 
address 
lines. 
The 
proper 
use of the Output 
Enable 
control (G) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at 
the memory 
location specified 
by the address 
lines. G must be brought 
LOW to enable 
the outputs. 


Since the device 
is fully static in operation, 
new Read 
cycles can be performed by simply changing the address. 
An Automatic 
Power 
Down 
feature 
decreases 
current 
consumption 
when 
Read cycles 
extend 
beyond 
their 
minimum cycle time. 


High-frequency 
design 
techniques 
should 
be em- 


ployed to obtain the best performance 
from this device. 


Solid, 
low-impedance 
power 
and ground 
planes. 
with 
high-frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


28-PIN DIP 
TOP VIEW 
28-PIN SOP 


A,. 
Vce 


A'2 
W 


A1 
A'3 


As 
As 


As 
As 


Ao 
All 


A3 
G 


A2 
A,o 


A, 
E 


A" 
DO, 


000 
DO. 


DO, 
DOs 


002 
DO. 


Vss 
003 


52250"·10 


Figure 1. 
Pin Connections for DIP and 
SOP Packages 


LH52250AL 
CMOS 32K x 8 Static RAM 


Ao 


Al 


A3 


W00 
A., 
u 
MEMORY 
ARRAY 
w 
A5 
0 
(32,768 x 8) 
::: 
Ar, 
0a: 


A7 


A'2 


000.007 
8 
110 CIRCUIT 
8 


E 
G 
W 
MODE 
DO 
lee 


H 
X 
X 
Standby 
High-Z 
Standby 


L 
H 
H 
Read 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


NOTE: 
X = Don't Care, L = LOW, H = HIGH 


PIN 
DESCRIPTION 


Ao-A14 
Address 
Inputs 
000-007 
Data Inputs/Outputs 


E 
Chip Enable input 


G 
Output Enable input 


W 
Write Enable input 


VCC 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5V 
to7 V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40mA 


Storage Temperature 
Range 
-65°C 
to 1SOoC 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reiabiity. 
2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTcONomONS 
MIN 
TYP 
MAX 
UNIT 


ICC1 
Operating 
Current 1 
tRC = 70 ns 
80 
mA 


ICC1 
Operating 
Current 1 
tRC = 100 ns 
70 
mA 


1581 
Standby 
Current 
E ~ VCC- 0.2 V 
0.1 
mA 


ISB2 
Standby 
Current 
E ~VIH 
3 
mA 


III 
Input Leakage Current 
VIN = 0 V to VCC 
-1 
1 
lJA 


ILa 
1/0 Leakage Current 
VIN = 0 V to Vcc 
-1 
1 
lJA 


VOH 
Output High Voltage 
IOH=-1.0mA 
2.4 
V 


VOL 
Output 
Low Voltage 
IOL= 2.0 mA 
0.4 
V 


VDR 
Data Retention Voltage 
E ~Vcc- 
0.2 V 
2 
5.5 
V 


IDR 
Data Retention Current 
VCC = 3 V, E ~ Vcc - 0.2 V 
6 
50 
lJA 


NOTE: 
1. 
Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
0.6 to 2.4 V 


Input Rise and Fall Times 
10 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
7 pF 


Coo 
(1/0 Capacitance) 
10 pF 


NOTE: 
1. 
Capacitances are maximum values at 25°C measured at 1.0MHz 
with VB;". - 0 V and Vcc - 5.0 V. 


2. 
Sample tested only. 


DATA RETENTION TIMING 
E must be held above the lesser of VIH or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V.E must be 
Vcc - 0.2 V or greater to meet lOR specification. 
All other 
inputs are "Don't Care." 
~j'~M,"\ ) 


~cMIN 


Vcc 
4.5 V 
t 


VIH 
VOR 
E 
Va. 


5225QA·3 


SYMBOL 
DESCRIPTION 
-70 
-10 
I 
UNITS 
MIN 
MAX 
MIN 
MAX 


READ CYCLE 


tRC 
Read Cycle Time 
70 
100 
ns 


!AA 
Address 
Access 
Time 
70 
100 
ns 


tOH 
Output 
Hold from Address 
Change 
10 
10 
ns 


tEA 
E Low to Valid Data 
70 
100 
ns 


tELZ 
E Low to Output 
Active 
2,3 
5 
5 
ns 


tEHZ 
E High to Output 
High-Z 
2,3 
0 
35 
0 
45 
ns 


tGA 
G Low to Valid Data 
40 
60 
ns 


tGLZ 
G Low to Output 
Active 
2,3 
5 
5 
ns 


tGHZ 
G High to OUtput 
High-Z 
2,3 
0 
35 
0 
45 
ns 


WRITE 
CYCLE 


twc 
Write 
Cycle Time 
70 
100 
ns 


tEW 
E Low to End of Write 
45 
65 
ns 


!Aw 
Address 
Valid to End of Write 
65 
90 
ns 


!As 
Address 
Setup 
0 
0 
ns 


twR 
Address 
Hold from End of Write 
0 
0 
ns 


twP 
W Pulse 
Width 
45 
65 
ns 


tDW 
Input Data Setup Time 
30 
35 
ns 


tDH 
Input Data 
Hold Time 
0 
0 
ns 


twHZ 
W Low to Output 
High-Z 
2,3 
0 
40 
0 
45 
ns 


twLZ 
W High to Output 
Active 
2,3 
5 
5 
ns 


NOTES: 
1. 
AC ElectricalCharacteristicsspecified at "AC Test Conditions"levels. 


2. 
Active output to High-Zand High-Z to output active tests specified fora 1200 mV transition from steady stale levels into the test load. 
3. 
Sample tested only. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. 
Read Cycle 
timing 
is referenced 
from when 
all 
addresses 
are stable 
until the first address 
transition. 


Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until tAA. 


Read Cycle No.2 


Chip is in Read Mode: W is HIGH. Timing illu~trated 
for the case when 
addresses 
are valid before E goes 
LOW. Data Out is not specified to be valid until tEAor tGA, 
but may become valid as soon as tELZ or tmz. 
Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
Data will be present following tGA only if tEA timing is met. 


leA 
t~ 
~ 


loA 


loLZ 
~ 


!,;LZ 


rTT7 
VAllO DATA 
\ 
~ 


¥ 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write Cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High-Z state. Although 
these examples 
illustrate timing 
with G active, it is rece mmended that G be held HIGH for 
all 
Write 
cycles. 
This 
will 
prevent 
the 
LH52250N 
LH52250AL's 
outputs from becoming 
active, preventing 
bus contention, 
thereby reducing system noise. 


Write 
Cyc:le No.1 
(W 
Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write Cycles may not offer the best perform- 
ance since both twHZ and tow timing specifications 
must 
bernet. 


Write 
Cycle 
No.2 (E Controlled) 


Gis LQW. DO lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


DO 


DATAON 
PREVIOUSOUTPUT 
HIGH-Z 
INPUT 
LOW-Z 
DOLINES 
52250-6 


Figure 
7. 
Write Cycle No. 1 


!we 


ADDRESS 
VALIDADDRESS 


lew 


E 


'AS 
'w,' 


Vi 


low 
IoH 


DO 


DATAON 
HIGH-Z 
LOW-Z 
HIGH-Z 
INPUT 
DOLINES 


52250-7 


Figure 
8. 
Write Cycle No.2 


SHARP 
3-63 


LH52250A 
Device Type 
L 
Power 
X 
Package 
-## 
Speed 


1b~ Access Time (ns) 


D 
28-pin, 300-mil 
DIP (DIP28-P-300) 
Blank 
28-pin, 600-mil 
DIP (DIP28-P-600) 
N 
28-pin, 450-mil SOP (SOP28-P-450) 


CMOS 32K x 8 Static RAM 


LH52256LL 


FEATURES 
• 32,768 x 8 bit organization 
• Access time: 
90 ns (MAX.) 
• 
Low power consumption: 
Operating: 
385 mW (MAX.) 
Standby: 
220 IlW 
(MAX.) 
• 
Fully static operation 
• TTL compatible 
I/O 
• Three state outputs 
• Single +5 V power supply 


DESCRIPTION 


The LH52256LL 
is an ultra-low power CMOS-periph- 
ery static 
RAM organized 
as 32,768 
x 8 bits. It is fab- 
ricated 
using silicon-gate 
CMOS 
process 
technology. 


• 
Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 


28-PIN DIP 
TOP VIEW 
28-PINSOP 


A,• 
Vcc 


A'2 
WE 


A] 
A'3 


A" 
As 


Ag 


A" 
DE 


A,0 


CE 


1/08 


I/O, 
I/~ 


1102 
1/08 


1/03 
1/05 


GND 
I/O. 


52256Ll·1 


Figure 1. Pin Connections for 01P and SOP 
Packages 


~ 
(/) 
VCC 
WII: 
f3ffi 
MEMORY 
II:w 
II:c 
Cu. 
Co 
ARflAY 
Cu. 
Co 
<::::l 
<w 
(1,024 x 256) 
:=m 
:=c 
0 
0 
II: 
II: 


SIGNAL 
PIN NAME 


A<J- Au 
Address inputs 


CE 
Chip Enable input 


WE 
Write Enable input 


OE 
Output Enable input 


SIGNAL 
PIN NAME 


1/01-I/Oa 
Data inputs and outputs 


Vcc 
Power supply 


GND 
Ground 


CE 
WE 
OE 
MODE 
110, -110, 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
Deselect 
High-Z 
Standby 
(IS8) 
1 


L 
H 
L 
Read 
DouT 
Operating 
(Icc) 


L 
H 
H 
Output 
disable 
High-Z 
Operating 
(Icc) 


L 
L 
X 
Write 
DIN 
Operating 
(Icc) 
1 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input 
voltage 
VIN 
-0.3 to +7.0 
V 
1 


Operating 
temperature 
Topr 
Oto +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Supply 
voltage 
Vcc 
4.5 
5.0 
5.5 
V 


Input 
voltage 
VIH 
2.2 
3.5 
Vcc + 0.3 
V 


VIL 
-0.3 
+0.8 
V 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
leakage 
IILlI 
Vcc = 5.5 
1 
flA 
current 
VIN = Oto Vcc 


Output 
leakage 
jlLO I 
CE = VIH or OE = VIH, 
1 
flA 
current 
VIIO = 0 to Vcc 


Icc 
CE = VIL, 
70 
mA 
Outputs 
open 


Operating 
VIH =3.5 V, 


Icc1 
VIL = 0.6 V 
65 
mA 
current 
Outputs 
open 


VIH = 2.2 V, 


ICC2 
VIL = 0.8 V 
10 
mA 
Outputs 
open 


Standby 
curre nt 
IS81 
CE = VIH 
3 
mA 


IS8 
CE ~ Vcc 
- 0.2 V 
2 
40 
flA 


Output 
voltage 
VOL 
10L = 2 mA 
0.4 
V 


VOH 
10H= -1.0 mA 
2.4 
V 


AC CHARACTERISTICS 


(1) READ CYCLE 
(VCC = 5 V ± 10%, TA = 0 to +70°C) 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
90 
ns 


Address access time 
tAA 
90 
ns 


Chip enable access time 
tAcE 
90 
ns 


Output enable access time 
toE 
50 
ns 


Output hold from address change 
toH 
10 
ns 


Chip enable Low to output in Low-Z 
ILz 
5 
ns 
1 


Output enable Low to output in Low-Z 
tOLZ 
5 
ns 
1 


Chip disable to output in High-Z 
tHZ 
0 
40 
ns 
1 


Output enable High to output in High-Z 
tOHZ 
0 
40 
ns 
1 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Write cycle 
time 
twc 
90 
ns 


Chip enable to end of write 
tcw 
55 
ns 


Address valid to end of write 
tAw 
80 
ns 


Address setup time 
tAS 
0 
ns 


Write pulse width 
twP 
55 
ns 


Write recovery time 
tWR 
5 
ns 


Data valid to end of write 
tow 
30 
ns 


Data hold time 
tOH 
0 
ns 


Output active from end of write 
tow 
5 
ns 
1 


Write Low to output in High-Z 
twz 
0 
40 
ns 
1 


Output enable High to output in High-Z 
tOHZ 
0 
40 
ns 
1 


NOTE: 
1. 
Active output to high·impedance 
and high·impedance 
to output active tests specifl9d for a ±500 mV transition 
from steady stale levels into the lest load. CLOAn 
~ 5 pF. 


PARAMETER 
MODE 


Input voltage amplitude 
0.6 to 2.4 V 


Input riseltall ti me 
1.0 ns 


Timing reference level 
1.5 V 


1TIL gate, CL = 100 pF 
Output load conditions 
(Includes scope and jig 
capacitance) 


PARAMETER 
SYMBOL 
CONomONS 
MIN. 
TYP. 
MAX. 
UNIT 


Data 
retention 
voltage 
VCCOR 
CE ~ VCCOR - 0.2 V 
2.0 
V 


CE ~ VCCOR - 0.2 V, 
TA - 25°C 
1 


Data 
retention 
current 
ICCOR 
VCCOR = 3.0 V 
TA"Oto40°C 
3 
I!A 


TA" 
Oto70°C 
20 


Chip 
disable 
to data 
retention 
tCOR 
0 
ns 


Recovery 
time 
tR 
tRC. 
ns 


PARAMETER 
SYMBOL 
CONomONS 
MIN. 
MAX. 
UNIT 


. Input 
capacitance 
CIN 
VIN - 0 V 
8 
pF 


Input/output 
capacitance 
ClIO 
VIIO = 0 V 
10 
pF 


NOTE: 
1. 
This parameter is sampled and not production tested. 


Vcc 
4.5 V - - - - -- 


twp 


{NOTE 
1) 


DATA VALID 


(NOTE 
4) 


NOTES: 
1. The 
Write 
pulse 
occurs 
during 
the overlap 
(twp) with 
CE = LOW and WE = LOW. 


2. tAS is defined 
as the time from 
address 
to change 
to of write. 


3. tWR is defined 
as the time from end of write to address 
change. 


4. When 
I/O pins are in output 
state, 
input 
signals 
of opposite 
logic 
level 
must 
not be applied. 


5. If CE LOW 
transition 
occurs 
at the same 
time or prior 
to WE LOW 
transition, 
the output 
will remain 
high-impedance. 


tAS 
{NOTE 
2) 


twe 


(NOTE 
1) 


DATA VALID 


(NOTE 
4) 
NOTES: 


1. The Write 
pulse 
occurs 
during 
the overlap 
(twp) with 
CE : 
LOW and WE : Low. 


2. tAS is defined 
as the time-from 
address 
to change 
to of write. 


3. lwR is defined 
as the time from end of write 
to address 
change. 


4. When 
1/0 pins are in output 
state, 
input 
signals 
of opposite 
logic level 
must 
not be applied. 


5. If CE LOW transition 
occurs 
at the same 
time or prior to WE LOW transition, 
the output 
will remain 
high-impedance. 


6. If CE HIGH 
transition 
occurs 
at the same 
time or prior to the WE HiGH 
transition, 
the output 
will remain 
high-impedance. 


LH52256 
Device Type 
x 
- ## 
LL 
--- 
Package 
Speed 
Power 


I 


I 
L 
Low-power 
standby 220 ~W MAX. 


------- 
90 
Access Time (ns) 


'- 
~{ 
Blank 
28-pin, 
600-mil 
DIP (DIP28-P-600) 
N 
28-pin, 450-mil 
SOP (SOP28-P-450) 


'------------------- 
CMOS 256K (32K x 8) Static RAM 


LH52252A 


• 
Fast Access Times: 25/35/45 ns 


• 
Low Power Standby When Deselected 


• 
TTL Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
Common I/O for Low Pin Count 


• 
JEDEC Standard Pinouts 


• 
Packages: 
24-Pin, 300-mil DIP 
24-Pin, 300-mil SOJ 


FUNCTIONAL DESCRIPTION 


The LH52252A is a high-speed 262,144 bit static RAM 
organized 
as 64K x 4. A fast, efficient design is obtained 
with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (15B1) drops to its lowest level when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred 
from the DO pins to the 
memory location specified 
by the 16 address lines. 


Read cycles occur when E is LOW and W is HIGH. A 
Read cycle will begin upon an address 
transition, 
on a 
falling edge ofE, 
or on a rising edge of w. 


High-frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 


Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high-frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


24-PIN DIP 
TOP VIEW 
24-PIN SOJ 


Ao 
Vcc 


A, 
A,s 


A2 
A14 


A, 
A'3 
~ 
A'2 
As 
Al1 


As 
A,o 


A] 
D03 


As 
D02 
As 
DO, 


E 
000 


Vss 
W 


52252A-1D 


Figure 1. 
Pin Connections for DIP and 
SOJ Packages 


A,s 


A4 


A3 
W0 


A2 
0 
() 
MEMORY ARRAY 
w0 
(65,536 X 4) 
A, 
:= 
Ao 
0a: 


A14 


E 
W 
MODE 
DO 
lee 


H 
X 
Not Selected 
High-Z 
Standby 


L 
H 
Read 
Data Out 
Active 


L 
L 
Write 
Data In 
Active 


NOTE: 
X = Don't, Care, L = LOW, H ~ HIGH 


PIN 
DESCRIPTION 


Ao-A15 
Address 
Inputs 


DOo- 
003 
Data Inputs/Outputs 


E 
Chip Enable input 


W 
Write Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7V 


Input Voltage Range 
-0.5 
V to Vcc+0.5 
V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-650C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses grealer than those lisled under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaled in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for exlended periods may affect reliability. 


2. 
Outputs should not be shoried for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITlONS 
MIN 
TYP' 
MAX 
UNIT 


Icc1 
Operating 
Current 2 
Outputs open, tRC ; 25 ns 
110 
150 
mA 


Icc1 
Operating 
Current 2 
Outputs open, tRC ; 35 ns 
95 
120 
mA 


Icc1 
Operating 
Current 2 
Outputs open, tRC ; 45 ns 
85 
100 
mA 


IS81 
Standby Current 
E~Vcc-0.2V 
0.02 
1 
mA 


1582 
Standby Current 
E~VIH 
3 
5 
mA 


III 
Input Leakage Current 
VIN; 
0 V to Vcc 
-2 
2 
lJ.A 


ILO 
1/0 Leakage Current 
VIN; 
0 V to Vcc 
-2 
2 
lJ.A 


VOH 
Output High Voltage 
IOH; -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL; 
8.0 mA 
0.4 
V 


NOTE: 


1. 
Typical values at Vcc = 5 V, TA ~ 25'C. 


2. 
Ice is dependent upon output loading and cycle rales. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing 
Ref. Levels 
1.5 V 


Output Load. liming 
Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(1/0 Capacitance) 
8 pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at1.0MHz 
with VBi•• = 0 V and Vcc - 5.0 V. 


2. 
Sample tested only. 


SYMBOL 
DESCRIPTION 
-25 
I 
-35 
-45 
UNITS 
MIN 
I 
MAX I 
MIN T MAX 
MIN 
MAX 


READ CYCLE 


tRC 
Read Cycle Timing 
25 
35 
45 
ns 


1M 
Address Access Time 
25 
35 
45 
ns 


tOH 
Output Hold from Address Change 
3 
3 
3 
ns 


tEA 
E Low to Valid Data 
25 
35 
45 
ns 


tELZ 
E Low to Output Active 3 
5 
5 
5 
ns 


tEHZ 
E High to Output High-Z 2,3 
12 
15 
20 
ns 


tpu 
E Low to Power Up Time 4 
0 
0 
0 
ns 


tpo 
E High to Power Down lime 
4 
30 
35 
40 
ns 


WRITE 
CYCLE 


twc 
Write Cycle lime 
25 
35 
45 
ns 


tEW 
E Low to End of Write 
20 
30 
35 
ns 


tAw 
Address Valid to End of Write 
20 
30 
35 
ns 


!As 
Address Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


twp 
W Pulse Width 
20 
25 
35 
ns 


tow 
Input Data Setup lime 
12 
15 
20 
ns 


tOH 
Input Data Hold lime 
0 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
8 
10 
15 
ns 


twLZ 
W High to Output Active 3 
0 
0 
0 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at"AC Test Conditions" levels. 


2. 
Active output to High-Z and High-Z to output active tests specified for a ±200 mV transition from steady stale levels into the test load. 


3. 
Sample lesled only. 


4. 
Guaranteed but not tested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, and Eis LOW. Read 
cycle timing is referenced 
from when all addresses 
are 
stable 
until the 
first address 
transition. 
Crosshatched 
portion of DQ implies that data lines are in the Low-Z state 
and the data may not be valid. 


Read Cycle No.2 


Chip is in Read Mode: W is HIGH. Tim~ 
illustrated 
for the case when addresses are valid while E goes LOW. 
Data Out is not specified 
to be valid until tEA, but may 
beco me valid as soon as tELL Outputs will transition from 
High-Z to Valid Data Out. 


lEA 
t~ 
leLZ 


/ / / 
VALID DATA 
\ 
\ 
\ 


~ 


j 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state ifW is LOWwhen E goes Law. 
Care 
should 
be taken 
so that the output 
drivers 
are 
disabled 
prior to placing the Input Data on the DO lines. 
This will prevent bus contention, 
reducing system noise. 


Write Cycle No.1 (W Controlled) 


Chip is selected: E is Law. 
Using only W to control 
Write cycles may not offer the best device performance. 
since both twHZ and tow timing specifications 
must be 
met. 


Write Cycle No.2 (E' Controlled) 


_ 
DO lines may transition to Low.:? if the falling edge of 
W occurs after the falling edge of E. 


LH52252A 
Device Type 
X 
Package 
-## 


SPLJ~; 
Access Time (ns) 
~45 


L..- 
--<fD 
24-pin, 300-mil DIP (DIP24-P-300) 
lK 
24-pin, 300-mil SOJ (SOJ24-P-300) 


LH522528 


• 
Fast Access Times: 20/25 ns 


• 
low Power Standby When Deselected 


• 
TTl Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
Common I/O for low Pin Count 


• 
JEDEC Standard Pinouts 


• 
Packages: 
24-Pin, 300-mil DIP 
24-Pin, 300-mil SOJ 


FUNCTIONAL DESCRIPTION 


The LH522528 
is a high-speed 262,144 bit static RAM 
organized 
as 64K x 4. A fast, efficient design is obtained 


·with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power (IS81) drops to its lowest level when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred 
from the DQ pins to the 
memory location specified 
by the 16 address lines. 


Read cycles occur when E is LOW and W is HIGH. A 
Read CYCIE~ will begin upon an address 
transition, 
on a 
falling edge ofE, or on a rising edge ofW. 


High-frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 


Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high-frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


24-PIN DIP 
TOP VIEW 
24-PIN SOJ 


Ao 
Vcc 


A, 
A,s 


A2 
A,. 


A3 
A'3 


Ao 
A'2 


As 
A" 
"- 
A,o 


A] 
D03 


A. 
D02 


Ag 
DO, 
E 
DOo 


Vss 
Vi 


522528·10 


Figure 1. 
Pin Connections for DIP and SOJ 
Packages 


As 


A. 


A7 
WC 


A5 
0 
c..> 
MEMORY 
ARRAY 
w 


A3 
C 
(65,5-~ x 4) 
;;: 


A2 
0a: 


A, 


Ao 


E 
W 
MODE 
DQ 
lee 


H 
X 
Not Selected 
High-Z 
Standby 


L 
H 
Read 
Data Out 
Active 


L 
L 
Write 
Data In 
Active 


NOTE: 


X ~ Don't 
Care, 
L ~ LOW, 
H = HIGH 


PIN 
DESCRIPTION 


Ao-A15 
Address Inputs 


DOo- 
D03 
Data Inputs/Outputs 


E 
Chip Enable input 


W 
Write Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7V 


Input Voltage Range 
-0.5 
V to Vcc+0.5 
V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-65°C 
to 150°C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those lisEd under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaEd in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for eXEnded periods may affect reliability. 


2. 
Outputs should not be shomd 
lor more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


ICC1 
Operating 
Current 2 
Outputs open, tCYCLE= 20 ns 
70 
145 
mA 


ICC1 
Operating 
Current 2 
Outputs open, tCYCLE= 25 ns 
60 
135 
mA 


IS81 
Standby Current 
E~Vcc-0.2V 
0.005 
1 
mA 


IS82 
Standby Current 
E~VIH 
5 
10 
mA 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
lJ.A 


ILO 
I/O Leakage Cu rrent 
VIN = 0 V to VCC 
-2 
2 
lJ.A 


VOH 
Output High Voltage 
IOH=-4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


NOTES: 
1. 
Typical values at Vrx, 
- 5 V, TA _ 25°C. 


2. 
Ice is dependent upon output loading and cycle rates. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vssto 3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
8pF 


Coo 
(I/O Capacitance) 
8 pF 


NOTES: 
1. Capacitancesaremaximumvaluesat 25°Cmeasuredat1.0MHz 
withVB'as- 0 V andVcc = 5.0V. 
2. Guaranteedbutnottested. 


SYMBOL 
OESCRIPTION 
-20 
-25 
I 
I 
MIN 
I 
MAX 
MIN 
I 
MAX I UNITS 


READ CYCLE 


tRC 
Read Cycle Timing 
20 
25 
ns 


1M 
Address Access Time 
20 
25 
ns 


tOH 
Output Hold from Address Change 
3 
3 
ns 


tEA 
E Low to Valid Data 
20 
25 
ns 


tELZ 
E Low to Output Active 3 
4 
4 
ns 


tEHZ 
E High to Output High-Z 2,3 
10 
12 
ns 


tpu 
E Low to Power Up Time 3 
0 
0 
ns 


tpo 
E High to Power Down Time 3 
25 
30 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
20 
25 
ns 


tEW 
E Low to End of Write 
15 
20 
ns 


tAw 
Address 
Valid to End of Write 
15 
20 
ns 


tAs 
Address 
Setup 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
ns 


twp 
W Pulse Width 
12 
15 
ns 


tow 
Input Data Setup Time 
10 
10 
ns 


tOH 
Input Data Hold Time 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
7 
8 
ns 


twLZ 
WHig h to Output Active 3 
4 
4 
ns 


NOTES: 
1. ACElectricalCharacteristicsspecifiedat'AC TestConditions'levels. 


2. 
ActiveoutpU1toHigh-Zand High-Zto outputactivetestsspecifiedfora ±SOOmVtransitionfromsteadystalelevelsintothetestload. 
CLOAn = 5 pF. 


3. Guaranteedbutnottested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, and Eis LOW. Read 
cycle timing is referenced 
from when all addresses 
are 
stable 
until the first address 
transition. 
Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 


Read Cycle No.2 


Chip is in Read Mode: W is HIGH. Timi.!!9 illustrated 
for the case when addresses 
are valid while E goes LOW. 


Data Out 
s not specified 
to be valid until tEA. but may 
become valid as soon as tELL 


~ 


lEA 
~ 


leLZ 


V 
/ 
/ 
VALID DATA 
1\'" 
~ 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. E or W 
must be high during address transitions. The outputs will 
remain in the High-Z state ifW is LOWwhen Egoes LOW. 
Care 
should 
be taken 
so that the 
output 
drivers 
are 
disabled 
prior to placing the Input Data on the DO lines. 


This will prevent bus contention. 
reducing system noise. 


Write Cycle No.1 
(W Controlled) 


Chip is selected: E is LOW. Using only W to control 
Write cycles may not offer the best device performance. 
since both twHZ and tow timing specifications 
must be 
met. 


Write Cycle No.2 (E Controlled) 


_ 
DO lines may transition to Low.:? if the falling edge of 
W occurs after the falling edge of E. 


LH52252B 
Device Type 


X 
Package 
-## 
SpeedY~gAccess Time (ns) 


L...- 
~ 
D 24-pin, 300-mil 
DIP (DIP24-P-300) 
K 24-pin. 300-mil 
SOJ (SOJ24-P-300) 


LH52253 


• 
Fast Access Times: 20/25/35 ns 


• 
Low Power Standby when Deselected 


• 
TTL Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
Common I/O for Low Pin Count 


• 
JEDEC Standard Pinouts 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 


FUNCTIONAL DESCRIPTION 


The LH52253 is a very hig h-speed 256K-bit static RAM 
organized as 64K x 4. This RAM is fully static in operation. 
The Chip Enable (E) reduces power to the chip when E 
is inactive (HIGH). The combination 
of E and W control 
the mode of operation 
of the LH52253. 


Write cycles occur when both E and Write Enable (W) 
are LOW. Data is transferred 
from the DQ pins to the 
memory location specified by the 16 address lines. 


When E is LOW and W is HIGH, a static read of the 
memory location specified by the address lines will occur. 
Since the device 
is fully static in operation, 
new read 
cycles can be performed by simply changing the address. 
An Automatic 
Power Down feature reduces the current 
consumption 
when Read and Write cycles extend beyond 
their minimum cycle times. 


The LH52253 
offers an Output Enable (G) for use in 
managing 
the Data 
Bus. Bus contention 
during 
Write 
cycles may be easily avoided by using the G input in the 
LH52253. 


High-frequency 
design 
techniques 
s,hould be em- 
ployed to obtain the best performance 
from these de- 


vices. Solid, low-impedance 
power and ground planes, 


with high-frequency 
decoupling 
capacitors, 
are recom- 
mended. 
Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


28-PIN 
DIP 
TOP 
VIEW 
28-PIN 
SOJ 


NC 
Vcc 


A,; 
As 


A7 
A. 


As 
A3 


Ag 
A2 


A,o 
A, 


All 
Ao 


A'2 
NC 


A'3 
NC 


A •• 
D03 


A,s 
D02 


E 
DO, 
G 
DOo 


Vss 
W 


52253-10 


Figure 
1. 
Pin Connections 
for DIP and SOJ 


MEMORY ARRAY 
(65,536 x 4) 


E 
W 
G 
MODE 
DO 
lee 


H 
X 
X 
Not Selected 
High-Z 
Standby 


L 
H 
L 
Read 
Data Out 
Active 


L 
H 
H 
Read 
High-Z 
Active 


L 
L 
X 
Write 
Data In 
Active 


NOTE: 
X = Don't Care, L = LOW, H = HIGH 


PIN 
DESCRIPTION 


Ao·-A15 
Address 
Inputs 
000- 003 
Data Inputs/Outputs 


E 
Chip Enable input 


W 
Write Enable input 


G 
Output Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss 
Potential 
-0.5 
Vto 
7V 


Input 
Voltage 
Range 
-0.5 
V to Vcc 
+ 0.5 V 


DC Output 
Cu rrent 
2 
±40 
mA 


Storage 
Temperature 
Range 
-65"C 
to 1500C 


Power 
Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those listed under ·Absolute Maximum Ratings· may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Function operation of the device at these or any other conditions above those indica1ed in the ·Operating Range· of 
this specification is not implied. Exposure to absolute maximum rating conditions for exlended periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shored at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply 
Voltage 
4.5 
5.5 
V 


Vss 
Supply 
Voltage 
0 
0 
V 


VIL 
Logic 
"0" 
Input 
Vo~age 
1 
-0.5 
0.8 
V 


VIH 
Logic 
"1" 
Input 
Vo~age 
2.2 
Vcc 
+ 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TEST CONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


ICC1 
Operating 
Current 
2 
Outputs 
open, 
tCYCLE = 20 ns 
70 
145 
mA 
G = VIH, CE = VIL, WE 
= VIL or VIH 


ICCl 
Operating 
Current 
2 
.Qutputs 
~n, 
tCYCLE = 25 ns 
60 
135 
mA 
G = VIH, CE = VIL, WE 
= VIL or VIH 


ICC1 
Operating 
Current 
2 
Outputs 
open, 
tRC = 35 ns 
50 
135 
mA 
G = VIH, CE 
= VIL, WE 
= VIL or VIH 


IS81 
Standby 
Current 
E~Vcc-0.2V 
0.005 
1 
mA 


IS82 
Standby 
Current 
E~VIH 
min 
5 
10 
mA 


III 
Input 
Leakage 
Current 
Vcc 
= 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


ILa 
110 Leakage 
Current 
Vcc 
= 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


VOH 
Output 
High 
Voltage 
IOH = -4.0 
mA 
2.4 
V 


VOL 
Output 
Low 
Voltage 
IOL= 
8.0 
mA 
0.4 
V 


NOTE: 
1. 
Typical values at Vce = 5 V, TA = 25°C. 


2. 
lee is dependent upon output loading and cycle rales. Specified values are with outputs open, operating at specified cycle times. 


Vssto 
3 V 
5 ns 


1.5 V 


Figure 3 


8 pF 


8 pF 


CIN 
In ut C 
acitance 


Coo 
(Input/Output 
Capacitance) 


NOTES: 
1. Capacitancesare maximumvaluesat 25°Cmeasuredat1.0MHz 
withVBi•• = 0 V andVcc - 5.0V. 


2. 
Guaranteedbutnottested. 


SYMBOL 
DESCRIPTION 
-20 
I 
-25 
I 
-35 
I UNITS 
MIN 
I MAX I 
MIN 
I MAX I 
MIN 
I MAX I 


READ CYCLE 


tAC 
Read Cycle Timing 
20 
25 
35 
ns 


1M 
Address Access Time 
20 
25 
35 
ns 


tOH 
Output Hold From Address Change 
3 
3 
3 
ns 


tEA 
E Low to Valid Data 
20 
25 
35 
ns 


tELZ 
E Low to Output Active 2,3 
4 
4 
4 
ns 


tEHZ 
E High to Output High-Z 2,3 
10 
10 
12 
ns 


tGA 
G Low to Valid Data 
10 
12 
15 
ns 


tGLZ 
G Low to Output Active 2,3 
0 
0 
0 
ns 


tGHZ 
G High to Output High-Z 2,3 
0 
9 
0 
10 
0 
12 
ns 


tpu 
E Low to Power Up Time 3 
0 
0 
0 
ns 


tpo 
E High to Power Down Time 3 
25 
30 
35 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
20 
25 
35 
ns 


tEW 
E Low to End of Write 
15 
20 
25 
ns 


tAw 
Address Valid to End of Write 
15 
20 
25 
ns 


tAs 
Address Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold From End of Write 
0 
0 
0 
ns 


twp 
W Pulse Width 
12 
15 
20 
ns 


tow 
Input Data SetuD Time 
10 
10 
12 
ns 


tOH 
Input Data Hold Time 
0 
0 
0 
ns 


twLZ 
W High to Output Actiye 2,3 
4 
4 
4 
ns 


twHZ 
W Low to Output High-Z 2,3 
7 
8 
10 
ns 


NOTES: 
1. AC ElectricalCharacteristicsspecifiedat"AC TestConditions"levels. 
2. ActiveoU1puttoHigh-ZandHigh-Zto oU1putactivetestsspecifiedfora ±SOOmVtransitionfromsteadystatelevelsintothetestload. 


CLOAn = 5 pF. 


3. 
Guaranteed but nattested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, E and G are LOW. 


Read cycle timing is referenced from when all addresses 
are stable until the first address transition. 
Crosshatched 
portion of DO implies that data lines are in the Low-Z state 
and the data may not be valid. 


Read Cycle No.2 


Chip is in the Read Mode: W is HIGH. Tim~g illustrated 
forthe case when addresses are valid when E goes LOW. 
Data Out is not specified 
to be valid until tEA, but may 
become valid as soon as tELL Valid Data will be present 
following 
tGA only if tEAtiming has been met. 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain in the High-Z state ifW is LOWwhen E goes Law. 
Care 
should 
be taken 
so that the 
output 
drivers 
are 
disabled 
prior to placing the Input Data on the DQ lines. 


This will prevent bus contention, 
reducing system noise. 


These timing diagrams 
assume G is LOW, but it should 
be kept HIG H during Write cycles to insure that the output 
drivers are disabled. 


Write Cycle No.1 (W Controlled) 


Chip is selected: E and G are Law. 
Using only W to 
control Write cycles 
may not offer the best device per- 
formance, since both twHZ and tow timing specifications 
must be met. 


Write Cycle No.2 (E Controlled) 


_ 
DO lines may transition to Low:? if the falling edge of 
W occurs after the falling edge of E. 


LH52253 
DeviceType 
X 
Package 


-## 


speyed 
20 
25 
35 


D 
28-pin, 300-mil 
DIP (DIP28-P-300) 


L- 
---< K 
28 ..pin, 300-mil 
SOJ (SOJ28-P-300) 


LH52258 


• 
Fast Access Times: 35/45/55 ns 


• 
low Power Standby When Deselected 


• 
TTl Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
2 V Data Retention 


• 
Packages: 
28-Pin, 3oo-mil DIP 
28-Pin, 3oo-mil SOJ 


FUNCTIONAL DESCRIPTION 


The LH52258 is a high-speed 
262,144 bit static RAM 
organized 
as 32K x 8. A fast, efficient design is obtained 
with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read 
and Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (IS81) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles 
occur when both Chip Enable 
(E) and 
Write Enable (W) are LOW. Data is transferred 
from the 
DO pins to the 
memory 
location 
specified 
by the 15 
address 
lines. Proper use of the Output 
Enable control 
(0) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at the memory 
location 
specified 
by the address 
lines. G must be brought 
LOW to enable 
the outputs. 
Since the device 
is fully static in operation, 
new Read 
cycles can be performed by simply changing the address. 


High-frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 
Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high-frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


28·PIN DIP 
TOP VIEW 
28-PIN SOJ 


A" 
Vce 


A'2 
Vi 


A] 
A" 


A,; 
A. 


As 
Ag 


A. 
All 


A, 
G 
~ 
A,o 


A, 
E 


Ao 
~ 


DOo 
DO. 


DO, 
DOs 


D02 
DO. 


Vss 
DO, 


52258-10 


Figure 1. 
Pin Connections for DIP and SOJ 
Packages 


Ao 


A, 


A3 
UJ 
Cl0 
A4 
() 
MEMORY ARRAY 
UJ 
A5 
Cl 
(32,768 x 8) 
;: 
~ 
0 
cr: 


A7 


A12 


DOo-D~ 
8 
1/0 CIRCUIT 
8 


E 
G 
W 
MODE 
DC 
lee 


H 
X 
X 
Not Selected 
High-Z 
Standby 


L 
H 
H 
Selected 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


NOTE: 
X - Don't Care. L - LOW, H - HIGH 


PIN 
DESCRIPTION 


Ao-A14 
Address 
Inputs 
000-007 
Data Inputs/Outputs 


E 
Chip Enable input 
G 
Output Enable input 


W 
Write Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vt07 
V 


Input Vo~age Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those lisEd under "AbsoluE Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaEd in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for "xEnded 
periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


G = VIH, E = VIL. lOUT= 0 mA 
Icc1 
Operating 
Current 2 
All other Inputs = VIL or VIH 
130 
170 
mA 
minimum cycle time = 35 ns 


Operating 
Current 2 
G = VIH, E = VIL, lOUT= 0 mA 
ICC1 
All other Inputs = VIL or VIH 
110 
155 
mA 
minimum cycle time = 45 ns 


G = VIH, E = VIL. lOUT= 0 mA 
Icc1 
Operating 
Current 2 
All other Inputs = VIL or VIH 
100 
155 
mA 
minimum cycle time = 55 ns 


IS81 
Standby Current 
E:?:Vcc-0.2V 
0.02 
1 
mA 


IS82 
Standby Current 
E:?:VIH 
2 
5 
mA 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
lJA 


ILO 
I/O Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
lJA 


VOH 
Output High Vo~age 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


VOR 
Data Retention Voltage 
E:?:Vcc-0.2 
V 
2 
5.5 
V 


lOR 
Data Retention Current 
Vcc = 3 V, E :?:Vcc - 0.2 V 
200 
lJA 


NOTE: 
1. 
Typical values at Vcc ~ 5 V, TA ~ 25'C. 


2. 
Ice is dependent upon output loading and cycle raEs. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vssto 
3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, liming 
Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(I/O Capacitance) 
8 pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at1.0MHz 
with VB;•• = 0 V and Vcc - 5.0 V. 


2. 
Guaranteed but nollested. 


E must be held above the lesser of VIH or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc - 0.2 V or greater to meet lORspecification. 
All other 
inputs are "Don't Care." 


SYMBOL 
DESCRIPTION 
-35 
I 
-45 
-55 


MIN I 
MAX I 
MIN I 
MAX I 
MIN I 
MAX 
UNITS 


READ CYCLE 


tRC 
Read Cycle Time 
35 
45 
55 
ns 


tM 
Address Access Time 
35 
45 
55 
ns 


tOH 
Output Hold from Address Change 
5 
5 
5 
ns 


tEA 
E Low to Valid Data 
35 
45 
55 
ns 


tELZ 
E Low to Output Active 2,3 
3 
3 
3 
ns 


tEHZ 
E High to Output High-Z 2,3 
15 
20 
25 
ns 


tGA 
G Low to Valid Data 
15 
20 
25 
ns 


lGLZ 
G Low to Output Active 2,3 
3 
3 
3 
ns 


tGHZ 
G High to Output High-Z 2,3 
15 
20 
25 
ns 


tpu 
E Low to Power Up lime 
3 
0 
0 
0 
ns 


tpo 
E High to Power Down Time 3 
35 
45 
55 
ns 


WRITE CYCLE 


twc 
Write Cycle lime 
35 
45 
55 
ns 


tEw 
E Low to End of Write 
30 
40 
50 
ns 


tAw 
Address Valid to End of Write 
30 
40 
50 
ns 


!As 
Address Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


twp 
W Pulse Width 
20 
25 
25 
ns 


tow 
Input Data Setup lime 
15 
20 
25 
ns 


tOH 
Input Data Hold Time 
0 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
15 
15 
15 
ns 


twLZ 
W High to Output Active 2,3 
0 
0 
0 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at "AC Test Conditions" levels. 


2. 
Active output to High-Z and High-Z to output active tests specified for a 1200 mV transition from steady state levels into the test load. 


3. 
Guaranteed but not tested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. 
Read cycle 
timing 
is referenced 
from when 
all 
addresses 
are stable 
until the first address 
transition. 
Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until tM. 


Read Cyc:le No.2 


Chip is in Read Mode: W is HIGH. Timing illu~trated 
for the case when 
addresses 
are valid before 
E goes 
LOW. Data Out is not specified to be valid until tEAor tGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transi ·on directly from High-Z to Valid Data Out. Valid 
data will be present following tGA only if tEA timing is met. 


~A 
l~ 


loA 


IoLz 
~ 
~Lz 


/ 
VALID 
DATA 
\ 


~ 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High.:,?:state. Although 
these examp~s 
illustrate 
timing 
with G active, it is recommended 
that G be held HIGH for 
an Write cycles. This will prevent the LH52258's 
outputs 
from becoming active, preventing bus contention, thereby 
reducing system noise. 


Write Cycle No.1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both tWHZ and tow timing specifications 
must be 
met. 


Write Cycle No.2 (E" Controlled) 


Gis LOW. DQ lines may transition to Lo~Z 
if the falling 
edge of W occurs after the falling edge of E. 


LH52258 
Device Type 


X 
Package 
-## 
SPLJ ~~Access Time (ns) 


~55 


'-- 
--< D 
28-pin, 300-mil 
DIP (DIP28-P-300) 
K 
28-pin, 300-mil SOJ (SOJ28-P-300) 


LH52258A 


• 
Fast Access Times: 20/25 ns 


• 
low Power Standby when Deselected 


• 
TTl Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
JEDEC Standard Pinout 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, 300-mil SOJ 


FUNCTIONAL 
DESCRIPTION 


The LH52258A is a high-speed 262,144 bit static RAM 
organized 
as 32K x 8. A fast, efficient design is obtained 
with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read 
and Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (1581) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cycles 
occur when both Chip Enable 
(E) and 
Write Enable (W) are LOW. Data is transferred 
from the 
DO pins to the 
memory 
location 
specified 
by the 15 
address 
lines. The 
proper 
use of the Output 
Enable 
control (<3) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at the memory 
location specified 
by the address 
lines. G must be brought 
LOW to enable 
the outputs. 


Since the device 
is fully static in operation, 
new Read 
cycles can be performed by simply changing the address. 


High-frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 
Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high-frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


28·PIN DIP 
TOP VIEW 
28-PIN SOJ 


A,. 
Vcc 


A'2 
W 


A7 
A'3 
A.., 
1.0 


A.., 
Ae 


A. 
A" 


A3 
G 


A2 
A,o 


A, 
E 


Ao 
~ 


000 
00. 


00, 
005 
002 
00. 


Vss 
003 


52258A-1D 


Figure 
1. 
Pin Connections 
for DIP and SOJ 
Packages 


A4 


As 
a: 
A, 
w 
Cl 


A2 
00 
MEMORY ARRAY 
w 
(32,768 x 8) 
A,; 
Cl 
~ 
A] 
0a: 
At2 


At4 


DOa-DO] 
8 
1/0 CIRCUIT 
8 


E 
G 
W 
MODE 
DO 
lee 


H 
X 
X 
Not Selected 
High-Z 
Standby 


L 
H 
H 
Selected 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


PIN 
DESCRIPTION 


Ao-A14 
Address Inputs 


DQo - D07 
Data Inputs/Outputs 


E 
Chip Enable 


G 
Output Enable 


W 
Write Enable 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
+40 
mA 


Storage Temperature 
Range 
-65° 
to 150°C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses grealer than those lisled under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaled in the 'Operating Range' 
section of this specification is not implied. Exposure to absolute maximum rating conditions for eXlended periods may affect reliability. 


2. 
Outputs should not be shornd 
for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic '0' Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic '1' Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


tRC = 20 ns 
ICCl 
Operating 
Current 2 
G ~ ViH, E 
:<::: ViL, lOUT= 0 mA, 
95 
150 
mA 
tCYCLE= 20 ns 


tRC = 25 ns 
IcC1 
Operating 
Current 2 
G ~ VIH, E 
:<::: VIL, lOUT= 0 mA, 
90 
140 
mA 
tCYCLE= 25 ns 


IS81 
Standby Current 
E ~Vcc-0.2 
V 
0.005 
1 
mA 


IS82 
Standby Current 
E~VIH 
6 
15 
mA 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


ILa 
I/O Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


VOH 
Output High Voltage 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 m A 
0.4 
V 


VOR 
Data Retention Vo~age 
E >Vcc-0.2V 
2 
5.5 
V 


lOR 
Data Retention Current 
Vcc = 3 V, E ~ Vcc - 0.2 V 
250 
~ 


NOTE: 
1. 
Typical values at Vce - 5 V, TA _ 25°C. 


2. 
Ice is dependent upon output loading and cycle rales. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vssto 
3 V 


Input Rise and Fall Times 
3 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
7 pF 


Coo 
(1/0 Capacitance) 
8 pF 


NOTES: 
1. 
Capacitances are maximum values al250C measured a11.0MHz 
with VSias- 0 V and Vcc - 5.0 V. 


2. 
Guaranteed but nollesled. 


DATA RETENTION TIMING 


E must be held above the lesser of VIH or Vcc - 0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc - 0.2 V or greater to meet lOR specification. 
All 
other inputs are 'Don't Care.' 


-20 
-25 
UNITS 
SYMBOL 
DESCRIPTION 
MAX I 
MIN 
I 
MAX 
MIN 


READ CYCLE 


tRC 
Read Cycle Time 
20 
25 
ns 


tAA 
Address Access Time 
20 
25 
ns 


toH 
Output Hold from Address Change 
4 
4 
ns 


tEA 
E Low to Valid Data 
20 
25 
ns 


tElZ 
E Low to Output Active 2,3 
4 
4 
ns 


tEHZ 
E High to Output High-Z 2,3 
0 
10 
0 
12 
ns 


tGA 
G Low to Valid Data 
10 
12 
ns 


tGlZ 
IT Low to Output Active 2,3 
0 
0 
ns 


tGHZ 
G High to Output High-Z 2,3 
0 
9 
0 
10 
ns 


tpu 
E Low to Power Up Time 3 
0 
0 
ns 


tpo 
E High to Power Down Time 3 
25 
30 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
20 
25 
ns 


tEW 
E Low to End of Write 
15 
20 
ns 


tAw 
Address 
Valid to End of Write 
15 
20 
ns 


tAs 
Address 
Setup 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
ns 


twp 
W Pulse Width 
12 
15 
ns 


tDW 
Input Data Setup Time 
10 
12 
ns 


tOH 
Input Data Hold Time 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
8 
10 
ns 


twLZ 
W High to Output Active 2,3 
0 
0 
ns 


NOTES: 


1. 
AC Electrical Characteristics specified at 'AC Test Conditions'leveis. 


2. 
Active output to High-Z and High-Z to output active tests specified for a ±SOO mV transition from steady state levels into the test load. The test 
load has 5 pF capacitances. 


3. 
Guaranteed by design but not tested. 


CMOS 32K x 8 Static 
RAM 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. 
Read cycle 
timing 
is referenced 
from when 
all 
addresses 
are stable 
until the first address 
transition. 


Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until fAA. 


Read Cyc:le No.2 


Chip is in Read Mode: W is HIGH. Timing illu.§trated 
for the case when 
addresses 
are valid before 
E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as tELZ or tGLZ. Outputs 
will transition 
from High-Z to Valid Data Out. Valid data 
will be present following tGA only if tEA timing is met. 


AC 


I~ 


tEA 
.~ 


taA 


talZ 
~ 


~LZ 
/ 
/ 
VAllO 
OATA 
\ 
\ 


~ 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW. If Gis 
HIG H, the outputs will remain in the 
High-Z state. Although 
these examples 
illustrate timing 
with G active, it is recommended 
that G be held HIGH for 
all Write cycles. This will prevent the LH52258A's 
outputs 
from becoming active, preventing bus contention, thereby 
reducing system 
noise. 


Write 
Cycle 
No.1 
(W Controlled) 


Chip is sElleeted: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHZ and tow timing specifications 
must be 
met. 


Write 
Cycle 
No.2 (E Controlled) 


Gis LOW. DQ lines may transition to LOytZ if the falling 
edge of W occurs after the falling edge of E. 


DO 


DATAON 
PREVIOUSOUTPUT 
HIGH-Z 
INPUT 
LOW-Z 
DOLINES 


52258A·7 


Figure 
7. 
Write Cycle No. 1 


twe 


ADDRESS 
VALIDADDRESS 


lew 


E 


tAS 
twp 


W 


low 
IoH 


DO 


DATAON 
HIGH-Z 
LOW-Z 
HIGH-Z 
INPUT 
DOLINES 


52258A-8 


Figure 
8. 
Write Cycle No.2 
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LH52258A 
Device Type 


X 
Package 
-## 
Speedy~g Access Time (ns) 


'-- 
--<[D 
28·pin. 300-mil 
DIP (DIP28-P-300) 
lK 
28··pin, 300-mil SOJ (SOJ28-P-300) 


LH522588 


• 
Fast Access Times: 25/35 ns 


• 
JEDEC Standard Pinout 


• 
Space Saving 28-Pin, 300-mil DIP 


• 
High Density 28-Pin, 300-mil SOJ 


• 
Low Power Standby when Deselected 


• 
TTL Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


A,. 
Vcc 


A'2 
W 


A] 
A'3 
As 
As 


As 
Ag 


A. 
A" 


A3 
G 


Ag 
A,o 


A, 
E 


Ao 
DO] 


DOo 
D06 


DO, 
DOs 


D02 
DO. 


Vss 
D03 


FUNCTIONAL DESCRIPTION 


The LH52258B is a high speed 262,144 bit static RAM 
organized 
as 32K x 8. A fast, efficient design is obtained 
with a CMOS 
periphery 
and a matrix constructed 
with 
polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read 
and Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power (1581) drops 
to its lowest level if E is raised to within 0.2 V of Vcc. 


Write cyc:ies occur when both Chip Enable 
(E) and 
Write Enable (W) are LOW. Data is transferred 
from the 
DO pins to the memory 
location 
specified 
by the 15 
address 
lines. The 
proper 
use of the Output 
Enable 
control (<3) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at thE! memory 
location 
specified 
by the address 
lines. G mLlst be brought 
LOW to enable 
the outputs. 


Since the oevice 
is fully static in operation, 
new Read 
cycles can be performed by simply changing the address. 


High 
frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 
Solid, low impedance power and ground planes, with hig h 
frequency 
clecoupling 
capacitors, 
are desirable. 
Series 
termination 
of the 
inputs 
should 
be considered 
when 
transmission 
line effects occur. 


MEMORY ARRAY 
4 BLOCKS 
512 FlOWS 
16 COLUMNS 
6 BITS WIDE 


E 
G 
W 
MODE 
DO 
lee 


H 
X 
X 
Not Selected 
High-Z 
Standby 


L 
H 
H 
Selected 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


PIN 
DESCRIPTION 


Ao-A14 
Address 
Inputs 


DOo- 
DO? 
Data Inputs/Outputs 


E 
Chip Enable 


G 
Output Enable 


W 
Write Enable 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7 V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
_650 to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those lis1edunder ·Absolute Maximum Ratings· may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaEd in the ·Operating Range· 
section of this specification is net implied. Exposure to absolute maximum rating conditions for eXEnded periods may affect reliability. 


2. 
Outputs should net be shorEd for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.2 
Vcc +0.5 
V 


NOTES: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Icc1 
Operating 
Current 2 
G = VIH, E = VIL, lOUT= 0 mA, 
90 
150 
mA 
TCYCLE= 25 ns 


ICCl 
Operating 
Current 2 
G = VIH, E = VIL, loUT = 0 mA, 
70 
130 
mA 
TCYCLE= 35 ns 


IS81 
Standby Current 
E <:VIH, TCYCLE= min. 
20 
40 
mA 
All other inputs at VIHNiL 


IS82 
Standby Current 
E > Vcc-0.2 
V 
0.005 
500 
mA 
All other inputs at Vcc - 0.2 Vor 0.2 V 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


ILO 
I/O Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-2 
2 
~ 


VOH 
Output High Voltage 
IOH=-4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL=8.0 
mA 
0.4 
V 


VOR 
Data Retention Vo~age 
E<:Vcc-0.2V 
2 
5.5 
V 


lOR 
Data Retention Current 
Vcc = 3 V, E <:Vcc - 0.2 V 
200 
~ 
NOTES: 
1. 
Typical values at Vcc ~ 5 V, TA ~ 25°C. 


2. 
Ice is dependent upon output loading and cycle raEs. Specified values are with outputs open, operating at specified cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vssto 
3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(1/0 Capacitance) 
8pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at1.0MHz 
with YB;•• - 0 Y and Ycc - 5.0 Y. 


2. 
Guaranteed but not tested. 


DATA RETENTION TIMING 
E must be held above the lesser of VIH or Vcc - 0.2 V 
to prevent improper operation when Vcc < 4.5 V. E must 
be Vcc - 0.2 V or greater to meet lOR specification. 
All 
other inputs must be $ 0.2 V or ~ Vcc - 0.2 V. 


-25 
-35 
I UNITS 
SYMBOL 
DESCRIPTION 
MIN 
MAX 
MIN 
MAX I 


READ CYCLE 


tRC 
Read Cycle Time 
25 
35 
ns 


tAA 
Address Access Time 
25 
35 
ns 


tOH 
Output Hold from Address Change 
4 
4 
ns 


tEA 
E Low to Valid Data 
25 
35 
ns 


tELZ 
E Low to Output Active 2,3 
4 
4 
ns 


tEHZ 
E High to Output High-Z 2,3 
0 
12 
0 
15 
ns 


tGA 
G Low to Valid Data 
12 
15 
ns 


tGLZ 
G Low to Output Active 2,3 
0 
0 
ns 


tGHZ 
G High to Output High-Z 2,3 
0 
10 
0 
12 
ns 


tpu 
E Low to Power Up Time 3 
0 
0 
ns 


tpo 
E High to Power Down Time 3 
25 
35 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
25 
35 
ns 


tEW 
E Low to End of Write 
15 
20 
ns 


tAw 
Address Valid to End of Write 
15 
20 
ns 


tAs 
Address 
Setup 
0 
0 
ns 


tAH 
Address 
Hold From End of Write 
0 
0 
ns 


twp 
W Pulse Width 
15 
20 
ns 


tow 
Input Data Setup Time 
12 
15 
ns 


tOH 
Input Data Hold Time 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
10 
15 
ns 


twLZ 
W High to Output Active 2,3 
0 
0 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at"AC Test Conditions" levels. 


2. 
Active output to High-Z and High-Z to output active tests specified for a ±SOO mV transition from steady stale levels into the lest load. The test 
load has 5 pF capacitances. 


3. 
Guaranteed but not tested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH, E is LOW and G is 
LOW. 
Read cycle 
timing 
is referenced 
from when 
all 
addresses 
are stable 
until the first address 
transition. 


Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until fAA. 


Read Cycle No.2 


Chip is in Read Mode: W is HIGH. Timing illu~trated 
for the Gase when 
addresses 
are valid before 
E goes 
LOW. Data Out is not specified to be valid until tEA or tGA, 
but may become valid as soon as tELZ or tGLz. Outputs 
will transition 
from High-Z to Valid Data Out. Valid data 
will be present following tGA only if tEA timing is met. 


ItoA 
k- 


) 


'aA 


'aL2 
~ 
1toL2 


/ / 
/ 
VALID DATA 
'\ 
'\ 
. 


~ 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
E goes LOW.lfG 
is HIGH, the outputs will remain in the 
High.:,?:state. Although 
these examp~s 
illustrate 
timing 
with G active, it is recommended 
that G be held HIGH for 
all Write cycles. This will prevent the LH52258B's 
outputs 
from becoming active, preventing bus contention, thereby 
reducing system 
noise. 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW, G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both twHZ and tow timing specifications 
must be 
met. 


Write Cycle No.2 (E Controlled) 


Gis LOW. DQ lines may transition to Lo~Z 
if the falling 
edge of W occurs after the falling edge of E. 


!we 


ADDRESS 
VALIDADDRESS 


lAW 
IAH 


IAS 
lwP 


Iii 


IWHZ 
low 


DO 


DATAON 
PREVIOUSOUTPUT 
HIGH-Z 
INPUT 
LOW-Z 
DOLINES 
522588-7 


Figure 7. 
Write Cycle No. 1 


lwe 


ADDRESS 
VALIDADDRESS 


lew 


E 


IAS 
lwp 
IAH 


Iii 


low 
IoH 


DO 


DATAON 
HIGH-Z 
LOW-Z 
HIGH·Z 
INPUT 
DOLINES 


52258B-8 


Figure 8. 
Write Cycle No.2 
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LH52258B 
Device Type 


X 
Package 
-## 
Speedy ~~ 
Access Time (ns) 


fD 
28-pin, 300-mil 
Plastic DIP 
'---------{ 
LK 28-pin, 300-mil 
Plastic SOJ 


'-------------- 
CMOS 32K x 8 Static RAM 


LH521002 


• Fast Access Times: 20/25/35 ns 
• Low Power Standby when Deselected 
• TTL Compatible I/O 
• 5 V ± 10% Supply 
• 
Fully Static Operation 
• Common I/O for Low Pin Count 
• 2 V Data Retention 
• JEDEC Standard Pinouts 
• Package: 
28-Pin, 400-mil SOJ 


FUNCTIONAL DESCRIPTION 


The 
LH521002 
is a high speed 
1,048,576-bit 
static 
RAM organized 
as 256K x 4. A fast, efficient design is 
obtained 
with 
a CMOS 
periphery 
and 
a matrix 
con- 
structed with polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) reduces power to the chip when E is HIGH. Standby 
power drops to its lowest level (15Bl) when E is raised to 
within 0.2 V of Vcc. 


Write cycles occur when both (E) and Write Enable (W) 
are LOW. Data is transferred 
from the DO pins to the 
memory 
location specified 
by the 18 address lines. 


Read cycles occur when E is LOW and W is HIGH. A 
Read cycle will begin upon an address 
transition, 
on a 
falling edge of E, or on a rising edge of W. 


High 
frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 


Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high 
frequency 
decoupling 
capacitors, 
are 
recom- 
mended. SI~ries termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


28-PIN 50J 
TOP VIEW 


~ 
Vcc 


A, 
A17 


A2 
A,. 


A3 
A,s 
A.. 
A14 


As 
A'3 


As 
A'2 


A7 
A" 
As 
NC 


As 
DQ3 


Ala 
DQ2 
E 
DQ, 
G 
DOo 
Vss 
W 
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Figure 1. 
Pin Connections for SOJ Package 


(MSB) 
Ala 
Ag 


As 
wa 
A] 
8 
A2 
W 
MEMORY ARRAY 
a 
(262,144 x 4) 
A3 
~ 
~ 
a:: 


Al 


(lSB) 
Ao 


000- D03 
4 
1/0 CIRCUIT 


Ae 
A. 
Au 
A12 A16 A13 
A14 
AI, 
A17 
(MSB) 
(lSB)(MSB) 
(lSB) 
4 


E 
G 
W 
MODE 
DO 
lee 


H 
X 
X 
Standby 
High-Z 
Standby 


L 
H 
H 
Selected 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


NOTE: 
X ~ Don't Care, l- lOW, H - HIGH 


PIN 
DESCRIPTION 


Ao-A17 
Address 
Inputs 


000 - D03 
Data Inputs/Outputs 


E 
Chip Enable input 


W 
Write Enable input 


G 
Output Enable input 


VCC 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7 V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-650C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those listed under 'AbsoluE Maximum Ratings' may cause permarent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaEd in the 'Operating Range' of 
this specification is not implied. Exposure to absolute maximum rating conditions for eXEnded periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than ore output should be shorted atany time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic '0' Input Voltage 1 
-0,5 
0.8 
V 


VIH 
Logic '1' Input Voltage 2 
2.2 
Vcc + 0.5 
V 


NOTES: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP 1 
MAX 
UNIT 


Icc1 
Operating 
Current 2 
tCYCLE= 20 ns 
110 
180 
mA 
E = VIL, W = VIL orVIH 


ICC1 
Operating 
Current 2 
tCYCLE= 25 ns 
100 
180 
mA 
E = VIl, W = V,L orV,H 


ICC1 
Operating 
Current 2 
tCYCLE= 35 ns 
80 
150 
mA 
E = VIl, W = VIL or VIH 


IS61 
Standby Current 
E~ Vcc -0.2V 
0.005 
2 
mA 


IS62 
Standby Current 
E~VIH 
8 
20 
mA 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
~ 


ILO 
1/0 Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
~ 


VOH 
Output High Voltage 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


VDR 
Data Retention Voltage 
E ~ Vcc -0.2 
V 
2 
5.5 
V 


IDR 
Data Retention Current 
Vcc = 3 V, E ~ Vcc 
- 0.2 V 
500 
~ 


NOTE: 
1. 
Typical values at Vee ~ 5 V, TA ~ 25'C. 


2. 
Ice is dependent upon output loading and cycle rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vssto 
3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(I/O Capacitance) 
8 pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at 1.0MHz 
with VBi•• - 0 V and Vcc - 5.0 V. 


2. 
This parameter is sampled and not production tested. 


DATA RETENTION TIMING 
E must be held above the lesser of VIH or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc - 0.2 V or greater to meet lOR specification. 
All other 
inputs are 'Don't Care.' 


-20 
I 
-25 
I 
-35 
UNITS 
SYMBOL 
DESCRIPTION 
MIN 
I 
MAX I 
MIN 
MAX 
MIN 
MAX 


READ CYCLE 


tRC 
Read Cycle liming 
20 
25 
35 
ns 


tAA 
Address Access Time 
20 
25 
35 
ns 


toH 
Output Hold from Address Change 
3 
3 
3 
ns 


tEA 
E Low to Valid Data 
20 
25 
35 
ns 


tELZ 
E Low to Output Active 2,3 
3 
3 
3 
ns 


tEHZ 
E High to Output High-Z 2,3 
10 
12 
20 
ns 


tGA 
G Low to Valid Data 
8 
10 
20 
ns 


U3LZ 
G Low to Output Active 2,3 
0 
0 
0 
ns 


U3HZ 
G High to Output High-Z 2,3 
8 
10 
20 
ns 


tpu 
E Low to Power Up lime 
3 
0 
0 
0 
ns 


tpo 
E High to Power Down lime 
3 
20 
25 
35 
ns 


WRITE 
CYCLE 


twc 
Write Cycle Time 
20 
25 
35 
ns 


tEW 
E Low to End of Write 
15 
20 
30 
ns 


tAw 
Address 
Valid to End of Write 
15 
20 
30 
ns 


tAs 
Address 
Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


twp 
W Pulse Width 
15 
20 
25 
ns 


tow 
Input Data Setup lime 
12 
15 
15 
ns 


tOH 
Input Data Hold lime 
0 
0 
0 


twHZ 
W Low to Output High-Z 2,3 
8 
10 
15 
ns 


twLZ 
W High to Output Active 2,3 
3 
3 
3 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at"AC Test Conditions" levels. 


2. 
Active output to High-Z and High-Z to oUlput active tests specified for a ±SOOmV transition from steady stale levels into the test load. 
CLoad = 5 pF. 


3. 
Guaranteed but not tested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: W is HIGH, E and G are LOW. 


Read cycle timing is referenced from when all addresses 
are stable until the first address transition. 
Following 
an 
Address transition, 
Data Out is guaranteed 
valid at tAA. 


Read Cyt:le No.2 


Chip is in Read Mode: W is HIGH. Timing illustrated for 
the case when addresses 
are valid while E goes LOW. 


Data Out is not specified to be valid until tEA, but may 
become valid as soon as tELZ. Outputs will transition 
from High-Z to Valid Data Out. Data Out is valid after 
both tEA and tGA are met. 


K 
( 


'Rc 


~A 
~ 


~LZ 


leA 
lpD 


leLZ 
~ 


/ 
I 
'"' 
\\, 
VALID DATA 


lpu 
I 
, 


;3.~12~2~----------------------------- 
SHARP 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. E or W 
must be HIGH during address transitions. The outputs will 
remain inthe High-Zstate 
ifWis 
LOWwhen 
Egoes 
LOW. 


Care 
should 
be taken 
so that the output 
drivers 
are 
disabled prior to placing the Input Data on the DO lines. 
This will prevent bus contention, 
reducing system noise. 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E and G are LOW. Using only W to 
control Write cycles may not offer the best device per- 
formance, since both twHZ and tow timing specifications 
must be met. 


Write Cycle No.2 (E" Controlled) 
G is LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


IWHZ 
low 
lwLZ 


IDH 


DO 


DATA ON 
PREVIOUS OUTPUT 
HIGH-Z 
INPUT 
DO LINES 
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Figure 7. 
Write Cycle No.1 


lwc 


ADDRESS 
VALIDADDRESS 


lew 


E 


IAS 
IAH 


Iii 


low 
IoH 


DO 


DATA ON 
HIGH-Z 
OUTPUT 
INPUT 
DO LINES 
(IF ANY) 


521002-8 


Figure 8. 
Write Cycle No. ~! 
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LH521 002 
Device Type 
__K_ 
-## 


PTe 
Sjed m Aoce" TImeI"') 


28 pin, 400-mil SOJ (SOJ28-P-400) 


LH521007 


• 
Fast Access Times: 20/25/35 ns 


• 
Two Chip Enable Controls 


• 
Low Power Standby When Deselected 


• 
TTL Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
2 V Data Retention 


• 
Packages: 
32-Pin, 400-mil DIP 
32-Pin, 400-mil SOJ 


FUNCTIONAL 
DESCRIPTION 


The LH521007 
is a high speed 
1,048,576-bit 
static 
RAM organized 
as 128K x 8. A fast, efficient design is 
obtained 
with 
a CMOS 
periphery 
and 
a matrix 
con- 
structed with polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enables 
(E1, E2) permit Read and Write operations 
when active 
(E1 = LOW 
and 
E2 = HIGH) 
or place the RAM in a 
low-power 
standby 
mode when inactive (E1 = HIGH or 
E2 = LOW). Standby power drops to its lowest level when 
all inputs are stable and are at CMOS 
levels, while the 
chip is in standby 
mode. 


Write cycles occur when both Chip Enables and Write 
Enable are active. Data is transferred 
from the DO pins 
to the memory location specified by the 17 address lines. 
The proper 
use of the Output 
Enable 
control 
(G) can 
prevent bus contention. 


When both Chip Enables are active and W is inactive, 
a static Read will occur at the memory location specified 
by the address lines. G must be brought LOW to enable 
the outputs. Since the device is fully static in operation, 
new Read cycles can be performed 
by simply changing 
the address. 


High 
frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 
Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high 
frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


32-PIN SOJ 
TOP VIEW 


NC 
Vcc 


A" 
A,. 


A, 
E2 


A2 
W 


Aa 
A,s 


~ 
A14 


As 
A,a 


As 
A'2 


A, 
G 


As 
All 


Ag 
E, 


A,o 
DO, 


DOo 
DO. 


DO, 
DOs 
D02 
DO, 


Vss 
DOa 
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Figure 1. 
Pin Connections for DIP and SOJ 
Packages 


AIO 


Ag 


A. 
w0 
A] 
0 
<.) 
A2 
W0 


A3 
3:0 
~ 
a: 


A1 


Ao 


E2 
E1 


DOo-DO] 
8 


El 
E2 
G 
W 
MODE 
DO 
lee 


X 
X 
X 
X 
Standby 
High-Z 
Standby 


X 
L 
X 
X 
Standby 
High-Z 
Standby 


L 
H 
H 
H 
Read 
High-Z 
Active 


L 
H 
L 
H 
Read 
Data 
Active 
Out 


L 
H 
X 
L 
Write 
Data In 
Active 


NOTE: 


X - Don't Care, L - LOW, H - HIGH 


PIN 
DESCRIPTION 


Ao-A16 
Address 
Inputs 


000 - 007 
Data Inputs/Outputs 
El, E2 
Chip Enable input 


G 
Output Enable input 


W 
Write Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Lim~) 
1.0W 


NOTES: 
1. 
Stresses greaEr than those listed under 'AbsoluE Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicaEd in the 'Operating Range' 
of this specification is not implied. Exposure to absolute maximum rating conditions for eXEnded periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shor'ed atany time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic '0' Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic '1' Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP 1 
MAX 
UNIT 


Icc1 
Operating 
Current 2 
tCYCLE= 20 ns 
125 
140 
mA 


Icc1 
Operating 
Current 2 
tCYCLE= 25 ns 
100 
125 
mA 


Icc1 
Operating 
Current 2 
tCYCLE= 35 ns 
85 
115 
mA 


IS81 
Standby Current 
E1 ~ VIH or E2 $ VIL 
15 
35 
mA 
tCYC = min, lOUT= 0 


1582 
Standby Current 
E1 ~ VCC - 0.2 V or E2 $ 0.2 V, 
0.5 
5 
mA 
tCYC = min, lOUT= 0 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
!J.A 


ILa 
I/O Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
!J.A 


VOH 
Output High Voltage 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


VDR 
Data Retention Voltage 
E1 ~ Vcc - 0.2 V and E2 $ 0.2 V 
2 
5.5 
V 


IDR 
Data Retention Current 
Vcc = 3 V, E1 ~Vcc 
-0.2Vand 
E2 $ 0.2 V 
500 
!J.A 


NOTES: 
1. 
Typical values at Vcc - 5 V, TA ~ 25'C. 


2. 
Ice is dependent upon oUlputloading 
and cycle raEs. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(110 Capacitance) 
8pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at 1.0MHz 
with VB;•• - 0 V and Vcc - 5.0 V. 
2. 
Sample tested only. 


DATA RETENTION TIMING 


For data retention 
mode. either E1 ~ Vcc - 0.2 V 
or 
E2:'> 0.2 V. The other control 
signals 
must be at valid 
CMOS levels (Vcc - 0.2 V:'> VIN :'>0.2 V). The address 
and data buses are 'Don't Care.' 


Vcc 


4.5 V 
--------- 
----------- 
------------------------------------- 
----------- 
--------- 


GNO 
- - - - --- - -- -- -- -- -- - - - - - - - - - - - - - - - -- -- -- -- - - - --- -- - - - - - - - - - - - - - - - -- -- -- -- -- --- ---- 


LOW SUPPLY 
VOLTAGE 
OAT A RETENTION 
WAVEFORM 
(1) (E, CONTROL) 


Vcc 


4.5V 


-20 
-25 
-35 
UNITS 
SYMBOL 
DESCRIPTION 
MIN 
I 
MAX 
MIN 
MAX 
MIN 
MAX 


READ CYCLE 


tRC 
Read Cycle Timing 
20 
25 
35 
ns 


1M 
Address Access Time 
20 
25 
35 
ns 


toH 
Output Hold from Address Change 
5 
5 
5 
ns 


tEA 
E Low to Valid Data 
20 
25 
35 
ns 


tELZ 
E Low to Output Active 2,3 
5 
5 
5 
ns 


tEHZ 
E High to Output High-Z 2,3 
8 
10 
15 
ns 


!GA 
G Low to Valid Data 
8 
10 
20 
ns 


tGLZ 
G Low to Output Active 2,3 
0 
0 
0 
ns 


tGHZ 
G High to Output High-Z 2,3 
8 
10 
20 
ns 


tpu 
E Low to Power Up Time 4 
0 
0 
0 
ns 


tPD 
E High to Power Down Time 4 
20 
25 
35 
ns 


WRITE CYCLE 


twc 
Write Cycle Time 
20 
25 
35 
ns 


tEW 
E Low to End of Write 
12 
15 
20 
ns 


tAw 
Address Valid to End of Write 
12 
15 
20 
ns 


!As 
Address Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


twp 
W Pulse Width 
12 
15 
20 
ns 


tow 
Input Data Setup Time 
8 
10 
12 
ns 


tOH 
Input Data Hold Time 
0 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
0 
8 
0 
10 
0 
15 
ns 


twLZ 
W High to Output Active 2,3 
5 
5 
5 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at 'AC Test Conditions' levels. 


2. 
Active output to High-Z and High-Z to output active tests specified for a ±SOOmY transition from steady state levels into the test load. 
CLoad = 5 pF. 
3. 
Sample tested only. 


4. 
Guaranteed but not tested. 


PRELIMINARY 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1 


Chip is in Read Mode: Wand 
E2 are HIGH, E1 and G 
are LOW. Read cycle timing is referenced 
from when all 
addresses 
are stable 
until the first address 
transition. 


Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until fAA. 


Read Cycle No.2 


Chip is in Read Mode: W is HIGH. Timing illustrated 
for the case when addresses 
are valid before E1 and E2 
are both active. Data Out is not specified to be valid until 
tEA or tGA, but may become valid as soon as tELZor tGLZ. 
Outputs will transition 
directly from High-Z to Valid Data 
Out. Valicl data will be present 
following 
tGA only if tEA 
timing is met. 


, 


~c 


~ 


~A 
~ 


If 


~ 


~ 


~LZ 
~ 


XXXX 
VALID DATA 
""' 


~ 
,'-- 


TIMING DIAGRAMS - WRITE CYCLE 


Addresses 
must be stable during Write cycles. The 
outputs will remain in the High-Z state if W is LOW when 
both E1 and E2 are active. If G is HIGH, the outputs will 
remain 
in the 
High-Z 
state. 
Although 
these 
examples 
illustrate timing with G active, it is recommended 
that G 
be held HIGH for all Write cycles. This will prevent outputs 
from becoming active, preventing bus contention, thereby 
reducing system 
noise. 


Write Cycle No.1 
(W Controlled) 


C~ 
is selected: E1 and G are LOW, E2 is HIGH. Using 
only W to control 
Write cycles may 
not offer the best 
performance 
since both twHZ and tow timing specifica- 
tions must be met. 


Write Cycle No.2 (E" Controlled) 


Gis LQ.W.DO lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


LH521 007 
Device Type 
X 
Package 
-## 
SpeedY 


20 
25 
35 


L..- 
---{ 
K 
32 pin, 400-mil 
SOJ (SOJ32-P-400) 
E 
32-pin, 400-mil 
DIP (DIP32-P-400) 


LH521008 


• 
Fast Access Times: 20/25/35 ns 


• 
Low Power Standby when Deselected 


• 
TTL Compatible I/O 


• 
5 V ± 10% Supply 


• 
Fully Static Operation 


• 
2 V Data Retention 


• 
JEDEC Standard Pinout 


• 
Packages: 
32-Pin, 400-mil DIP 
32-Pin, 400-mil SOJ 


FUNCTIONAL DESCRIPTION 


The LH521008 
is a high speed 
1,048,576-bit 
static 
RAM organized 
as 128K x 8. A fast, efficient design is 
obtained 
with 
a CMOS 
periphery 
and 
a matrix 
con- 
structed with polysilicon 
load memory cells. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read and 
Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH). Standby power drops to its 
lowest level (1581) ifE is raised to within 0.2 V of Vcc. 


Write cycles 
occur when both Chip Enable 
(E) and 
Write Enable (W) are LOW. Data is transferred 
from the 
DO pins 
to the memory 
location 
specified 
by the 17 
address 
lines. The 
proper 
use of the Output 
Enable 
control (<3) can prevent bus contention. 


When E is LOW and W is HIGH, a static Read will 
occur at the memory 
location specified 
by the address 
lines. G must be brought 
LOW to enable 
the outputs. 


Since the device 
is fully static in operation, 
new Read 
cycles can be performed by simply changing the address. 


High 
frequency 
design 
techniques 
should 
be em- 
ployed to obtain the best performance 
from this device. 
Solid, 
low-impedance 
power 
and ground 
planes, 
with 
high 
frequency 
decoupling 
capacitors, 
are 
recom- 
mended. Series termination 
of the inputs should be con- 
sidered when transmission 
line effects occur. 


32-PIN 
SOJ 
TOP 
VIEW 


NC 


Ao 


A, 


A2 


A, 
~ 
A<, 


A., 


A] 


Ae 


Ag 
E 


A,o 
DO, 


DOo 
DO. 


DO, 
DOs 


D02 
DO. 


Vss 
DO, 


521008-10 


Figure 1. 
Pin Connections for DIP and SOJ 
Packages 


A,o 
Ag 


As 
W 
A7 
00u 
MEMORY ARRAY 
A2 
w0 
(131,072 x 8) 
A3 
;;C0 
A. 
a: 


A, 


Ao 


DOo-D07 
8 
1/0 CIRCUIT 
8 


E 
G 
W 
MODE 
DO 
lee 


H 
X 
X 
Standby 
High-Z 
Standby 


L 
H 
H 
Read 
High-Z 
Active 


L 
L 
H 
Read 
Data Out 
Active 


L 
X 
L 
Write 
Data In 
Active 


NOTE: 
X s Don't Care, L _ LOW, H = HIGH 


PIN 
DESCRIPTION 


Ao-A16 
Address 
Inputs 


DQo-D07 
Data Inputs/Outputs 


E 
Chip Enable input 


G 
Output Enable input 


W 
Write Enable input 


Vcc 
Positive Power Supply 


Vss 
Ground 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
Vto 7V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-650 
C to 1500 C 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the 'Operating Range' 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than oneoulput 
should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic '0' Input Voltage 
1 
-0.5 
0.8 
V 


VIH 
Logic '1'Input 
Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
TYP' 
MAX 
UNIT 


Icc1 
Operating 
Current 2 
tCYCLE= 20 ns 
110 
180 
mA 
E = VIL, W = VIL or VIH 


Icc1 
Operating 
Current 2 
tCYCLE= 25 ns 
100 
180 
mA 
E = VIL, W = VIL or VIH 


Icc1 
Operating 
Current 2 
tCYCLE= 35 ns 
80 
150 
mA 
E = VIL, W = VIL or VIH 


15B1 
Standby Current 
E~Vcc-0.2V 
0.005 
2 
mA 


ISB2 
Standby Current 
E~VIH 
8 
20 
mA 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
J.1A 


ILO 
I/O Leakage Current 
ViN = 0 V to Vcc 
-2 
2 
J.1A 


VOH 
Output High Voltage 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


VDR 
Data Retention Voltage 
E~Vcc-0.2V 
2 
5.5 
V 


IDR 
Data Retention Current 
Vcc = 3 V, E~Vcc 
-0.2V 
500 
J.1A 


NOTE: 
1. 
Typical values at Vo::;_ 5 V, TA _ 25'C. 


2. 
Icc is dependent upon oUlput loading and cycle rales. Specified values are with oulpuls open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
6 pF 


Coo 
(I/O Capacitance) 
8pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at 1.0MHz 
with Veias - 0 V and Vcc - 5.0 V. 


2. 
Guaranteed but not tested. 


DATA RETENTION TIMING 


E must be held above the lesser of VIH or Vcc - 0.2 V 
to assure proper operation when Vcc < 4.5 V. E must be 
Vcc - 0.2 V or greater to meet lOR specification. 
All other 
inputs are 'Don't Care.' 


-20 
-25 
-35 
I UNITS 
SYMBOL 
DESCRIPTION 
MIN 
MAX 
MIN 
MAX 
MIN 
I 
MAX 
I 


READ CYCLE 


tRC 
Read Cycle Timing 
20 
25 
35 
ns 


tM 
Address Access Time 
20 
25 
35 
ns 


toH 
Output Hold from Address Change 
3 
3 
3 
ns 


tEA 
E Low to Valid Data 
20 
25 
35 
ns 


tELZ 
E Low to Output Active 2,3 
3 
3 
3 
ns 


tEHZ 
E High to Output High-Z 2,3 
10 
12 
20 
ns 


tGA 
G Low to Valid Data 
8 
10 
20 
ns 


tGLZ 
G Low to Output Active 2,3 
0 
0 
0 
ns 


tGHZ 
G High to Output High-Z 2,3 
8 
10 
20 
ns 


tpu 
E Low to Power Up Time 3 
0 
0 
0 
ns 


tPD 
E High to Power Down Time 3 
20 
25 
35 
ns 


WRITE 
CYCLE 


twc 
Write Cycle Time 
20 
25 
35 
ns 


tEW 
E Low to End of Write 
15 
20 
30 
ns 


tAw 
Address Valid to End of Write 
15 
20 
30 
ns 


tAg 
Address Setup 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


twP 
W Pulse Width 
15 
20 
25 
ns 


tow 
Input Data Setup Time 
12 
15 
15 
ns 


tOH 
Input Data Hold Time 
0 
0 
0 
ns 


twHZ 
W Low to Output High-Z 2,3 
8 
10 
15 
ns 


twLZ 
W High to Output Active 2,3 
3 
3 
3 
ns 


NOTES: 
1. ACElectricalCharacteristicsspecifiedat 'ACTestConditions'levels. 


2. 
Activeoutputto High-Zand High-Zto outputactiveteslsspecifiedfora ±SOO mVtransitionfromsteadyslale levelsintolhetestload. 
CLoad = 5 pF. 


3. Guaranteedbutnottested. 


CMOS 128K x 8 Static RAM 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No. 1 


Chip is in Read Mode: W is HIGH. E is LOW and G is 
LOW. 
Read 
cycle 
timing 
is referenced 
from when 
all 
addresses 
are stable 
until the first address 
transition. 
Crosshatched 
portion of Data Out implies that data lines 
are in the Low-Z state but the data is not guaranteed 
to 
be valid until tv.. 


Read Cyc:le No.2 


Chip is in Read Mode: W is HIGH. Timing illu~trated 
for the case when 
addresses 
are valid before 
E goes 
LOW. Data Out is not specified to be valid until tEA or !GA. 
but may become valid as soon as tEU or !Gu. 
Outputs 
will transition directly from High-Z to Valid Data Out. Valid 
data will be present when both tGAand tEAtiming are met. 


te,. 
t::- 


If 


'<l,. 


'<lLZ 
I~ 


teLZ 


V 
/ 
/ 
/ 
VALID DATA 
\ 
~ 


Addresses 
must be stable during Write cycles. The 
~utputs will rem~n 
in the High-Z state ifW is LOW when 
E goes LOW. If G is HIGH, the outputs will remain in the 
High.:? state. Although 
these examp~s 
illustrate 
timing 
with G active, it is recommended 
that G be held HIGH for 
all Write cycles. This will prevent the outputs from becom- 
ing active, preventing 
bus contention, 
thereby 
reducing 
system noise. 


Write Cycle No. 1 (W Controlled) 


Chip is selected: E is LOW. G is LOW. Using only W 
to control Write cycles may not offer the best performance 
since both lWHZ and tow timing specifications 
must be 
met. 


Write Cyclu No.2 (E Controlled) 


Gis LOW. DO lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E. 


!we 


ADDRESS 
VALIDADDRESS 


tAW 
tAl-< 


tAS 
!wp 


W 


!wHZ 
tow 


DO 


DATA ON 
PREVIOUS OUTPUT 
HIGH·Z 
INPUT 
LOW-Z 
DO LINES 
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Figure 7. 
Write Cycle No. 1 


!we 


ADDRESS 
VALIDADDRESS 


lew 


E 


tAS 
twp 
tAl-< 


W 


low 
tOH 


DO 


DATA ON 
HIGH-Z 
LOW-Z 
INPUT 
DO LINES 
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Figure 8. 
Write Cycle No.2 


SHARP 
3-139 


LH521 008 
Device Type 
X 
Package 
-## 
SpeedY 


20* 
25 
Access Time (ns) 
35 


L...- 
--«E 
32-pin, 400-mil 
DIP (DIP32-P-400) 
lK 
32-pin, 400-mil 
SOJ (SOJ32-P-400) 


* 20 ns is available 
only in the SOJ package 


Example: 
LH521008K-25 
(CMOS 128K x 8 Static RAM, 25 ns, 32·pin, 400-mil SOJ) 


LH521028 


• 
Fast Access Times: 20/25/35 ns 


• 
Wide Word (18-Bits) for: 
- Improved Performance 
- Reduced Component Count 
- Nine-bit Byte for Parity 


• 
Transparent Address latch 


• 
Reduced loading on Address Bus 


• 
low Power Stand-by Mode when 
Deselected 


• 
TTl Compatible I/O 


• 
5 V ± 10% Supply 


• 
2 V Data Retention 


• 
JEDEC Standard Pinout 


• 
Package: 
52-Pin PlCC 


FUNCTIONAL 
DESCRIPTION 


The LH521028 
is a high speed 1,179,648-bit 
CMOS 
SRAM organized 
as 64K x 18. A fast, efficient design is 
obtained 
with 
a CMOS 
periphery 
and 
a matrix 
con- 
structed 
with 
polysilicon 
load 
memory 
cells. 
The 
LH521 028 is available in a compact 52-Pin PLCC, which 
along with the six pairs of supply terminals, 
provide for 
reliable operation. 


The control 
signals 
include 
Write 
Enable 
(W), Chip 
Enable @, High and Low Byte Select (SL and SH), Output 
Enable (G) and Address 
Latch Enable (ALE). The wide 
word provides 
for reduced component 
count, improved 
density, reduced Address bus loading and improved per- 
formance. 
The wide word also allows for byte-parity with 
no additional 
RAM required. 


This RAM is fully static in operation. The Chip Enable 
(E) control 
permits 
Read 
and Write 
operations 
when 
active (LOW) or places the RAM in a low-power standby 
mode when inactive (HIGH).The 
Byte-select controls, SH 
and SL, are also used to enable or disable Read and Write 
operations 
on the high and the low bytes. The Address 
Latches are transparent 
when ALE is HIGH (for applica- 


tions not requiring a latch), and are latched when ALE is 
LOW. The Address 
Latches and the wide word help to 
eliminate the need for external Address bus buffers and/or 
latches. 


Write cycles occur when Chip Enable (E), SH and/or 
SL. and Write 
Enable 
(W) are LOW. The 
Byte-select 
sig nals can be used for Byte-write operations by disabling 
the other byte during the Write operation. 
Data is trans- 


ferred from the DO pins to the memory location specified 
by the 16 address 
lines. The proper 
use of the Output 


Enable control (G) can prevent bus contention. 


When E~and either SH or SL are LOW and W is HIGH, 


a static Read will occur at the memory 
location specified 
by the address lines. G must be brought LOW to enable 
the outputs. Since the device is fully static in operation, 
new Read cycles can be performed 
by simply changing 
the address with ALE HIGH. 


ADDRESS 
E 
SH 
SL 
ALE 
G 
W 
DOo-DOs 
DOo-D017 
MODE 
lee 


Don't Care 
H 
X 
X 
H 
X 
X 
High-Z 
High-Z 
Standby 
19B 


Valid 
L 
L 
H 
H 
L 
H 
Active 
High-Z 
Read 
ICCl 


Valid 
L 
H 
L 
H 
L 
H 
High-Z 
Active 
Read 
ICCl 


Valid 
L 
L 
L 
H 
L 
H 
Active 
Active 
Read 
ICCl 


Valid 
L 
L 
L 
H 
H 
H 
High-Z 
High-Z 
Read 
ICCl 


Don't Care 
L 
L 
L 
L 
L 
H 
Data Out 
Data Out 
Read 
ICCl 


Valid 
L 
L 
H 
H 
X 
L 
Data In 
Don't Care 
Write, low byte 
ICCl 


Valid 
L 
H 
L 
H 
X 
L 
Don't Care 
Data In 
Write, high byte 
ICCl 


Valid 
L 
L 
L 
H 
X 
L 
Data In 
Data In 
Write, both bytes 
ICCl 


Valid 
L 
H 
H 
H 
X 
L 
Don't Care 
Don't Care 
Write, inhibited 
ICCl 


Don't Care 
L 
L 
L 
L 
X 
L 
Data In 
Data In 
Write, both bytes 
ICCl 


NOTE: 
X - Don't Care,L = LOW,H = HIGH 


PIN 
SIGNAL 


1 
VSS 


2 
VCC 


3 
SL 


4 
SH 


5 
E 


6 
Ao 


7 
Al 


8 
DOg 


9 
0010 


10 
VCC 


11 
VSS 


12 
0011 


13 
0012 


PIN 
SIGNAL 


14 
0013 


15 
0014 


16 
VSS 


17 
VCC 


18 
DOIS 


19 
0016 


20 
0017 


21 
A2 


22 
A3 


23 
A4 


24 
As 


25 
A6 


26 
A7 


PIN 
SIGNAL 


27 
VSS 


28 
VCC 


29 
As 


30 
Ag 


31 
Al0 


32 
All 


33 
A12 


34 
000 


35 
001 


36 
VCC 


37 
VSS 


38 
002 


39 
003 


PIN 
SIGNAL 


40 
004 


41 
DOs 


42 
VSS 


43 
VCC 


44 
DOs 


45 
007 


46 
DOs 


47 
A13 


48 
A14 


49 
AIS 


50 
G 


51 
ALE 


52 
W 


Vcc 
PositiveSupplyVoltageTerminals 


Vss 
ReferenceTerminals 


A4- A15 AddressBus 
Input 


The Address bus is decoded to select one 18-bit word 
out of the total 64K words for Read and Write operations. 


E 
Chip Enable 
Active LOWInput 


Chip Enable is used to enable the device for Read and 
Write 
operations. 
When 
HIGH, 
both 
Read 
and Write 
operations 
are disabled 
and the device 
is in a reduced 
power state. When 
LOW, a Read or Write operation 
is 
enabled. 


W 
Write Enable 
Active LOWInput 


Write Enable 
is used to select either 
Read or Write 
operations 
when 
the device 
is enabled. 
When 
Write 
Enable 
is HIGH 
and the device 
is Enabled, 
a Read 
operation is selected. When Write Enable is LOW and the 
device is enabled, a Write operation 
is selected. A Byte- 


write operation is available by using the Byte-select con- 
trols. 


SH.SL 
SelectHigh 
Active LOWInputs 
SelectLow 


The Select High and Select Low signals, in conjunction 
with the Chip Enable and Write Enable signals, allow the 
selection 
of the individual 
bytes for Read and Write op- 


erations. 
When 
High, the Select signal will deselect 
its 


byte and prevent 
Read or Write operations. 
When 
the 
Select signal is LOW and Chip Enable is LOW, a Read or 
Write opmation 
is performed 
at the location determined 
by the contents of the Address bus. When Chip Enable is 
HIGH, the Select signals are Don't Care. Select Low (SL) 
is assigned 
to DQo - 
DOe and 
Select 
High 
(SH) 
is 
assigned to DOg - 0017. 


ALE 
AddressLatch 
Active HighInput 
Enable 


The Address Latch Enable signal is used to control the 
Transparent 
latches on the Address bus. The Latches are 
transparent 
when HIGH and are latched when LOW. If 
not required, Address 
Latch Enable may be tied HIGH, 
leaving the Address 
bus in a transparent 
condition. 


DCa - D(~17Data Bus 
Input/Output 


000 
- DOs comprise 
the Low byte, selected 
by Sl, 


and DOg - 0017 comprise 
the High Data byte, selected 
by SH. The Data Bus is in a high impedance 
input mode 
during Write operations 
and standby. The Data bus is in 
a lOW-impedance output mode during Read operations. 


G 
OutputEnable 
Active LOWInput 


The Output Enable signal is used to control the output 
buffers 0 
the Data Input/Output 
bus. When G is HIGH, 


all output buffers are forced to a high impedance 
condi- 
tion. When G is LOW, the output 
buffers 
will become 
active only during a Read operation (E and SH / SL are 
LOW, W is HIGH). 


PARAMETER 
RATING 


VCC to Vss Potential 
-0.5 
V t07 
V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
2W 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the 'Operating Range' 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reiability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
TYP 
MAX 
UNIT 


TA 
Temperature. 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.0 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
0 
V 


VIL 
Logic '0' Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic '1' Input Voltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoot of up to 3.0 V is permitted once per cycle. 


SYMBOL 
PARAMETER 
TESTCONomONS 
MIN 
TYP 
MAX 
UNIT 


ICC1 
Operating 
Current 1 
tCYCLE= minimum 
300 
mA 


E ?Vcc- 
0.2 V 
IS81 
Standby Current 
VIN ? Vcc - 0.2 V or VIN ~ 0.2 V 
4 
mA 
f = 0 


IS82 
Standby Current 
E? VIH 
50 
mA 
tCYCLE= minimum 


III 
Input Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
J.!A 


ILO 
1/0 Leakage Current 
VIN = 0 V to Vcc 
-2 
2 
J.!A 


VOH 
Output High Voltage 
IOH= -4.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


NOTE: 
1. 
Ice is dependent upon output loading and eycle rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 


Input and Output Timing Ref. Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


PARAMETER 
RATING 


CIN (Input Capacitance) 
5 pF 


Coo 
(I/O Capacitance) 
7pF 


NOTES: 
1. 
Capacitances are maximum values at 25°C measured at1.0MHz 


with 
VB;as - 0 V and Vcc 
- 5.0 V. 
2. 
Guaranteed but not tested. 


SYMBOL 
DESCRIPTION 
-20 
I 
-25 
-35 
I 
MIN 
I 
MAX 
I 
MIN 
I 
MAX 
I 
MIN 
I 
MAX 
I UNITS 


READ CYCLE 


tAC 
Read Cvcle Timing 
20 
25 
35 
ns 


tM 
Address 
Access 
Time 
20 
25 
35 
ns 


tASL 
Address 
Setup to Latch Enable 
3 
3 
3 
ns 


tAHL 
Address 
Hold from Latch Enable 
5 
6 
6 
ns 


tLEA 
Latch Enable to Data Valid 
22 
27 
37 
ns 


tLHM 
Latch Enable 
High Pulse Width 
5 
6 
6 
ns 


tOH 
Output 
Hold from Address 
Change 
3 
3 
3 
ns 


tLH 
Output 
Hold from Latch High 
3 
3 
3 
ns 


tEA 
E Low to Valid Data 
20 
25 
35 
ns 


tELZ 
E Low to Output 
Active 
2,3 
3 
3 
3 
ns 


tEHZ 
E High to Output 
Hiah-Z 
2,3 
10 
12 
20 
ns 


lsA 
S Low to Valid Data 
10 
12 
20 
ns 


lsLZ 
S Low to Output 
Active 
2,3 
2 
3 
3 
ns 


lsHZ 
S High to Output 
High-Z 
2,3 
10 
12 
20 
ns 


lGA 
G Low to Valid Data 
9 
12 
20 
ns 


tGLZ 
G Low to Output Active 
2,3 
0 
0 
0 
ns 


tGHZ 
G High to Output 
High-Z 
2,3 
8 
10 
20 
ns 


tACS 
Read Setup from W High 
0 
0 
0 
ns 


tACH 
Read Hold from W Low 
0 
0 
0 
ns 


tpu 
E LOW to Power 
Up Time 3 
0 
0 
0 
ns 


tpo 
E HIGH to Power 
Down Time 3 
20 
25 
35 
ns 


tWA 
Access 
Time From Write Enable 
HIGH 
25 
28 
35 
ns 


WRITE CYCLE 


twc 
Write Cvcle Time 
20 
25 
35 
ns 


tEW 
E Low to End of Write 
15 
20 
30 
ns 


tsw 
S LOW to End of Write 
15 
20 
30 
ns 


tAW 
Address 
Valid to End of Write 
15 
20 
30 
ns 


tAS 
Address 
Setup to Start of Write 
0 
0 
0 
ns 


tAH 
Address 
Hold from End of Write 
0 
0 
0 
ns 


tASL 
Address 
Setup to Latch Enable 
3 
3 
3 
ns 


tAHL 
Address 
Hold from Latch Enable 
4 
4 
5 
ns 


tLHW 
Latch Hold from W High 
0 
0 
0 
ns 


tLHM 
Latch Enable 
HIGH 
Pulse Width 
5 
6 
6 
ns 


twp 
W Pulse Width 
15 
20 
30 
ns 


tow 
Input Data Setup Time 
12 
13 
15 
ns 


tOH 
Input Data Hold Time 
0 
0 
0 
ns 


twHZ 
W Low to Output 
High-Z 
2,3 
8 
10 
14 
ns 


twLZ 
W High to Output 
Active 
2,3 
3 
3 
3 
ns 


NOTES: 
1. 
AC Electrical Characteristics specified at"AC Test Conditions" levels. 


2. 
Active output to High-Z and High-Z to oUlput active tests specified for a ±SODmV transition from steady state levels into the test load. 
CLDad = 5 pF. 


3. 
Guaranteed but not tested. 


TIMING DIAGRAMS - READ CYCLE 


Read Cycle No.1: 
(Unlatched 
Address 
Controlled 
Read) 


Chip 
is in Read 
Mode: 
ALE 
is HIGH 
(transparent 
mode), EandG are LOW. Read cycle timing is referenced 
from when all addresses 
are stable until the first address 
transition. 
Following 
a W-controlled 
Write cycle. twA and 
tAA must both be satisfied 
to ensure valid data. Cross- 
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed 
to be valid 
until tAA. 


Read Cycle NO.2: (Unlatched 
Chip Enable 
Controlled 
Read) 


Chip 
is in Read 
Mode: 
ALE 
is HIGH 
(trans~e.!!t 
mode). Read cycle timing is referenced 
from when E, S. 
and G are stable until the first address transition. 
Cross- 
hatched portion of Data Out implies that data lines are in 
the Low-Z state but the data is not guaranteed 
to be valid. 


ADDRESS 
==x1... 
V_A_L1_D_AD_D_R_E_SS 
X 
_ 


r.,LZ 


ISLZ 


TIMING DIAGRAMS - READ CYCLE (cont'd) 


Read Cycle No.3 
(Latched 
Address 
Controlled 
Read) 


Chip is in Read Mode: W is HIGH, E,SH, SL and G are 
LOW. Both tAA and tLEA must be met before valid data is 
available. 
If the address is valid prior to the rising edge of 


ALE, then t e access time is tLEA. If the address is valid 
after ALE is HIGH (or if ALE is tied HIGH) then the access 
time is tAA. Crosshatched 
portion of Data Out implies that 
data lines are in the Low-Z 
state but the data 
is not 
guaranteed 
to be valid until tAA. 


/II 


TIMING DIAGRAMS - READ CYCLE (cont'd) 


Read Cycle No.4 


Chip is in Read Mode: Timing illustrated for the case 
when addresses 
are valid before E goes LOW. Data Out 


is not specified to be valid until tEA. tsA and tGA. but may 
beco me active as early as tELZ. tsLZ or tGLZ. 


IASL 
IAHL 


VALID ADDRESS 


It.HM 


It.EA 


leA 


lACS 


lSA 


~c 


'<.A 


'<.LZ 


ISLZ 


!eLZ 


Addresses 
must 
be stable 
during 
unlatched 
Write 
cycles. The outputs will remain in the High-Z state if W is 
LOW when E and SH I SL go LOW. If G is HIGH, the 
outputs will remain in the High-Z state. Although 
these 
examples 
illustrate 
timing 
with G active, 
it is recom- 
mended that G be held HIGH for all Write cycles. This will 
prevent the LH521028's 
outputs from becoming 
active, 
preventing 
bus 
contention, 
thereby 
reducing 
system 
noise. 


Write 
Cyc:le No.1 
(Unlatched 
W Controlled 
Write) 


Chip is selected: E, G, and SH I SL are LOW 
ALE is 
High. Using only W to control Write cycles may ~ot offer 
the best performance 
since both twHZ and tow timing 
specifications 
must be met. 


Write 
Cyc:le No.2 
(E', SL. SH Controlled 
Write) 


Gis LOW. DQ lines may transition to Low-Z if the falling 
edge of W occurs after the falling edge of E, SHISL if Gis 
LOW. 


TIMING DIAGRAMS - WRITE CYCLE (cont'd) 


Write Cycle No.3 
(Latched 
W Controlled 
Write) 


Chip is selected: E. G. and SH ISLare 
LOW. 


Write Cycle No.4 
(E" Controlled) 
G is LOW. DO lines may transition to Low-Z ifthe falling 
edge of Iii occurs after the falling edges of E and SH/SL. 


BYTE OPERATIONS 


Byte Read Description 
(Figure 
12) 


To read individual 
bytes, the device must be enabled 
(E: is LOW), 
W 
must be HIGH, 
the outputs 
must be 
enabled (G is LOW) and the addresses 
must be either 
stable or latched with ALE. Figure 12 is one example 
of 
the byte read capabilities 
of this device. The example 
shows two read operations. 
The first is a read of the high 
byte of the current memory 
location and the second is a 
read of the low byte of the memory location. 


(1) At the beginning 
of the cycle both SL and SH are 
HIGH. 


(2) SH goes LOW initiating 
a Read on the upper byte 
DOH(9-17).SL remains HIGH keeping the lower byte 
DOL(O-S)disabled and in a high-impedance 
mode. 


(3) 
SL goes LOW activating 
DOL(o-s).Valid data is avail- 
able in !sA following SL going LOW. 


(4) 
When SH goes HIGH, DOH(9-17)remains valid fortsHZ 
befOrE!returning to a high-impedance 
condition. 


(5) 
Finally, the Read for the lower byte is terminated 
by 
deasserling 
SUHIGH). 
DOL(o-s) remains 
active for 
tsHZ following SL going HIGH. 


\~- 
-----II 
ALE 


G 
\ 


SL 


SH 


DOL1a.B) 


DQH(~l7) 


(1) (2) 


__________ 
------.JI 


BYTE OPERATIONS (cont'd) 


Byte Write Description (Figure 13) 


To do individual byte-write operations, the device must 
be enabled 
(E" is LOW, G is don't care) and addresses 
must be either stable or latched. Figure 13 is one example 
of the byte-write 
capabilities 
of this device. The diagram 
shows 
two write 
operations 
with unlatched 
addresses. 
The first is a write to the low byte of memory location N 
and the second 
is a write to the high byte of memory 
location M. 


(1) 
W goes LOW while SL and SH remain HIGH. 


(2) SL goes LOW 
initiating 
a Write i!:!.tothe lower byte 


DQL(o-a) 
of memory 
location 
N. SH remains 
HIGH 
preventing 
a Write into the upper byte DQL(9-17) 
of 
memory 
location N. 


(3) SL now goes HIGH terminating 
the Write operation 
on the lower byte of memory location N. 


(4) 
Address 
N is changed to M. 


(5) The Write operation is now initiated on the upper byte 


DQH(9-17) 
by bringing 
SH LOW. 
SL remains 
HIGH 
prevemting a Write operation 
from occurring 
in the 
lower byte DQL(O-ll) of memory location N+ 1. 


(6) SH now goes HIGH terminating 
the Write operation 
on the upper byte of address M. 


(7) 
W goes HIGH, ending the Write operation. 


LH521 028 
Device Type 
U 
Package 
-## 


sp~ 
~~ 
Access Time (ns) 


~35 


GENERAIL INFORMATION 
- 1 I 


PSEUDO-STATIC 
RAMs - 2 I 


STATIC RAMs - 3 I 


MASK-P 
OGRAMMABLE ROMS - 4 


FIFO MEMORIES - 5 I 


I 
APPLICATION 
NOTES AND CONFERENCE 
PAPERS - 6 I 


PACKAGING - 7 I 


MASK~ROGRAMMABLEROMs 


Density 
Organization 
Page 


LH53259 
256K 
32K x 8 
4-1 


LH53515 
512K 
64K x 8 
4-7 


LH53H1000 
1M 
64K x 16 
4-13 


LH53H0900 
1M 
128K x 8 
4-18 


LH530800A 
1M 
128K x 8 
4-23 


LH531000B 
1M 
128K x 8 
4-29 


LH532000B 
2M 
256K x 8/128K 
x 16 
4-35 


LH532100B 
2M 
256K x 8 
4-40 


LH534000B 
4M 
512K x 8/256K 
x 16 
4-44 


LH534100B 
4M 
512K x 8 
4-49 


LH534500A 
4M 
512K x 8/256K 
x 16 
4-54 


LH534600 
4M 
512K x 8/256K 
x 16 
4-60 


LH538000 
8M 
1Mx8/512Kx16 
4-65 


LH538100 
8M 
1M x 8 
4-71 


LH538500A 
8M 
1M x 8/512K 
x 16 
4-76 


LH5316000 
16M 
2M x 8/1M x 16 
4-83 


LH5316500 
16M 
2M x 811M x 16 
4-89 


LH5332000 
32M 
4M x 812M x 16 
4-95 


LH53259 


• 
Low power consumption: 
Operating: 
110 mW (MAX.) 
Standby: 
82.5 JlW (MAX.) 


• 
Packages: 
28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
44-pin, 10 x 10 mm2 QFP 


The LH53259 
is a mask-programmable 
ROM organ- 
ized as 32,768 x 8 bits. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


PIN CONNECTIONS 


28-PIN DIP 
TOP VIEW 
28-PINSOP 


NC 
Vcc 


A'2 
A,. 


A] 
A'3 
As 
As 


As 
Ag 


A. 
A" 
A3 
OEIOE 
~ 
A,o 


A, 
CE 


Ao 
0] 


Do 
°6 
0, 
Os 


°2 
0. 


GNO 
03 


44-PINQFP 
~.t<';~~:Jl.[.[~~ 


Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 


MEMORY 
MATRIX 
(32,768 x 6) 


SIGNAL 
PIN NAME 
NOTE 


Ao - A14 
Address input 


Do - D7 
Data output 


CE 
Chip enable input 


OEIOE 
Output enable input 
1 


SIGNAL 
PIN NAME 
NOTE 


Vcc 
Power supply (+5 V) 


GND 
Ground 


NC 
Non connection 


NOTE: 
1. 
The active level of OEIOE is mask-programmable. 


CE 
OEiOE 
MODE 
00- 07 
SUPPLY CURRENT 
NOTE 


H 
X 
Non selected 
High-Z 
Standby 
1 


L 
UH 
Operating 
HIL 
Selected 
DouT 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
Oto+70 
·C 


Storage temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
VIL 
-0.3 
0.8 
V 


Input "High" voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
10L= 1.6 mA 
0.4 
V 


Output "High" voltage 
VOH 
10H= -400 !LA 
2.4 
V 


Input leakage current 
I III I 
VIN = 0 V to Vcc 
10 
!LA 


Output leakage current 
IILO I 
VOUT= 0 V to Vcc 
10 
!LA 
1 


Icc1 
tRC = 150 ns 
20 
mA 
2 
Operating current 
Icc2 
tRC = 1 f!S 
15 


Icc3 
tRC = 150 ns 
15 
mA 
3 
Icc4 
tRC = 1 JJ.s 
10 


Standby current 
IS81 
CE = VIH 
2 
mA 


IS82 
CE = Vcc - 0.2 V 
15 
!LA 


NOTES: 
1. 
CEIOE 
= VIH or OE = VIL 
2. 
V,N ~ V,HNIL, 
CE = VIL, outputs open 
3. 
V,N = 01cc - 0.2 V) or 0.2 V, CE ~ 0.2 V, outputs open 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
150 
ns 


Address access time 
tAA 
150 
ns 


Chip enable access time 
tAcE 
150 
ns 


Output enable time 
tOE 
10 
80 
ns 


Output hold time 
tOH 
5 
ns 


CE to output in High-Z 
tCHZ 
70 
ns 
1 
OE to output in High-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This is the time required for the output to become high impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL +100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
GIN 
10 
pF 


OUtput 
capacitance 
GOUT 
10 
pF 


tAA(NOTE) 


'\ 


tACE(NOTE) 
lcHZ 


i\ 


IoE(NOTE) 
10HZ 


IoH 


I 
'" '\ 
'\ 
\ \ \ 
DATA VALID 
-I / 
/ 


NOTE: 
Data becomes valid after the intervals tM• tACE.and IoE from address 
inputs. chip enable and output enable, respectively have been mel. 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately 
after power up and 
once the supply 
is stable, perform 
one of the following 
operations: 


1. 
If the Chip Enable 
(CE) was high during power 
up, switch 
the 
CE 
input 
from 
HIGH 
to LOW. 


(tACE) or 


- - - --- - - --- - --- - - --- - --- -- - - - --- - - - --- - --- - - --- - - - --- - - - ---- -- - - - 4.5 V 
I, (NOTE) 


2. 
Change 
one or more addresses 
if the CE input 
was LOW at power 
up. 
(tM) 


The valid data will be output at tAcE or 1M following 
a transition 
from the above 
operations 
(1) or (2). 


To stabilize the power supply, it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
be- 
tween the Vcc pin and the GND pin. 


- -- - - - -- - - - -- - - - - - - -- - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - - -- - - - - --- - - - 4.5 V 
13(NOTE) 


XDATAVALID 


LH53259 
Device Type 
X 
Package 
-## 


SpeedL 


D 
28-pin, 600-mil 
DIP (DIP28-P-600) 
'---------.< 
N 
28-pin, 450-mil SOP (SOP28-P-450) 
M 
44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 


Example: 
LH53259D-15 
(CMOS 256K (32K x 8) Mask Programmable 
ROM, 150 ns, 28-pin, 600-mil 
DIP) 
5325G-6 


LH53515 


DESCRIPTION 


The LH53515 is a mask-programmable ROM organ- 
izedas 65,!i36 x 8 bits. It is fabricated using silicon-gate 
CMOS process technology. 


• 
65,536 x 8 bit organization 


• 
Access time: 
150 ns (MAX.) 


• 
Low power consumption: 


Operating: 
195 mW (MAX.) 
Standby: 
550 ~W (MAX.) 


• 
Programmable output enable 


• 
Static operation (Internal sync. system) 


• 
TTL compatible 1/0 


• 
Three-state outputs 


• 
Single +5 V power supply 


• 
Packages: 


28-pin, 600-mil DIP 
28-pin, 450-mil SOP 
32-pin, 525-mil SOP 
44-pin, 10 x 10 mm2 QFP 


• 
JEDEC standard EPROM pinout (DIP) 


28-PIN 
DIP 
TOP VIEW 


28-PIN 
SOP 


A,s 
Vcc 


A'2 
A,. 


A] 
A'3 


At; 
As 


As 
Ag 


A. 
A" 


A3 
OEiOE 


A, 
A,o 


A, 
CE 


Ao 
0] 


Do 
D. 


0, 
05 


O2 
O. 


GNO 
03 


A,. 


A'3 


As 


Ag 


A" 


OEiOE 


A,o 
CE 
0] 


D. 


05 


O. 


03 


Figure 2. Pin Connections for DIP, SOP, 
and QFP Packages 


MEMORY 
MATRIX 
(65,536 
x 8) 


28 
14 
Vcc; GND 


SIGNAL 
PIN NAME 
NOTE 


Ao -A15 
Address 
input 


Do - 07 
Data 
output 


CE 
Chip 
enable 
input 


SIGNAL 
PIN NAME 
NOTE 


OE/OE 
Output 
enable 
input 
1 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1, 
Active level of oEloE is mask-programmable. 


CE 
OEJOE 
MODE 
Do· 07 
CURRENT CONSUMPTION 
NOTE 


H 
X 
Non selected 
High-Z 
Standby(lsB) 
1 


UH 
L 
Operating(lcc) 
H/L 
Selected 
DouT 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 
1 


Input voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 
1 


Operating temperature 
Topr 
Oto +70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONomONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
V,L 
-0.3 
0.8 
V 


Input "High" voltage 
V,H 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
10L= 1.6 mA 
0.4 
V 


Output "High" voltage 
VOH 
10H= -400 IJ.A 
2.4 
V 


Input leakage current 
IILlI 
V,N = 0 V to Vcc 
10 
IJ.A 


Output leakage current 
IILO I 
VOUT= 0 V to Vcc 
10 
IJ.A 
1 


Icc1 
tAC = 150 ns 
35 
mA 
2 
Operating current 
Icc2 
tAC = 1 IJ.s 
25 


Icc3 
tAC = 150 ns 
30 
mA 
3 
Icc. 
tAC = 1 IJ.s 
20 


Standby current 
ISBl 
CE = V,H 
2 
mA 


ISB2 
CE = Vcc - 0.2 V 
100 
IJ.A 


NOTES: 
t. 
OE = V,L or CEIOE - V,H 


2. 
V,N = V,HN,L. 
CE = VIL, outputs open 


3. 
V,N = (Vcc 
- 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tAC 
150 
ns 


Address access time 
tAA 
150 
ns 


Chip enable access time 
tACE 
150 
ns 


Output enable time 
tOE 
10 
80 
ns 


Output hold time 
tOH 
5 
ns 


CE to output in High-Z 
lcHZ 
70 
ns 
1 


OE to output in High-Z 
toHZ: 
70 
ns 
1 


NOTE: 
t. 
This is the time required for the oUlput to become high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input riselfall ti me 
10 ns 


Input reference level 
1.5 V 


Output reference level 
0.8 V and 2.2 V 


Output load condition 
1TIL+100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


~ 


tAA(NOTE) 


~ 


lACE(NOTE) 
lcHZ 


I 


IoE (NOTE) 
10HZ 


/ / / 
DATAVALID""\ 
\ 
\ \ 
\ 
-f I I 


!oH 
I 


OPERATION IMMEDIATELY AFTER 
POWER UP 


To ensure valid data immediately 
after power up and 
once the supply 
is stable, perform 
one of the following 
operations: 


1. 
If the Chip Enable 
(CE) was high during 
power 
up, switch 
the 
CE 
input 
from 
HIGH 
to LOW. 


(fACE) 
or 


2. 
Change 
one or more addresses 
A2 • A15 if the 
CE input was LOW at power 
up. 
(tM) 


The valid data will be output at fAcE or fAA following 
a transition 
from the above operations 
(1) or (2). 


To stabilize the power supply, it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
be- 


tween the Vcc 
pin and GND . 


• ----- 
- - ----------------- 
••••••••••••••••••• 
--- - - - - -. ----- 
- ------ 
4.5 v 


1,(NOTEj 


~D 


LH53515 
Device Type 
X 
Package 
-## 
Speedl- 


15 
150 
Acc:ess Time (ns) 


D 
28-pin, 600-mil 
DIP (DIP28-P-600) 


L.- 
--< N 
28-pin, 4~iO-mii SOP (SOP28-P-450) 
M 
44-pin, 
1() x 10 mm2 QFP (QFP44-P-1 01 0) 
Z 
32-pin, 525-mil 
SOP (SOP32-P-525) 


Example: 
LH53515D-15 
(CMOS 512K (64K x 8) Mask Programmable 
ROM, 150 ns, 28-pin, 600-mil 
DIP) 
53515-6 


LH53H1000 
PRELIMINARY 


CMOS 1M (64K x 16) Mask-Programmable 
ROM 


DESCRIPTION 


The LH53H1 000 is a high speed mask-programma- 
ble ROM organized 
as 65,536 x 16 bits (1 ,048,576 bits). 


It is fabricated 
using silicon-gate 
CMOS 
process 
tech- 


nology. 


• 
Power consumption: 
Operating: 660 mW (MAX.) 
Standby: 440 mW (MAX.) 
4O-PIN DIP 
TOP VIEW 
4O-PIN SOP 


NC 
Vcc 


CE 
NC 


D'5 
NC 


D,. 
A'5 


D'3 
A,• 


D'2 
A'3 


D11 
A'2 


D10 
A11 


D• 
A,o 


Ds 
Ag 


GND 
GND 


D7 
As 


D. 
A7 


D5 
Ag 


D. 
A5 


D3 
~ 


D2 
A3 


D, 
A2 


Do 
A, 


OE 
Ao 


53Hl00o-1 


Figure 1. Pin Connections 
for DIP and 
SOP Packages 


• 
Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 


CMOS 
1M (64K x 16) 
Mask-Programmable 
ROM 


MEMORJ 
MATRIX 


(65,536 x 16) 


co'""",,"cro, 
I 


SIGNAL 
PIN NAME 


Ao-A15 
Address input 


Do- D15 
Data output 


CE 
Chip Enable input 


SIGNAL 
PIN NAME 


OE 
Output Enable input 


Vcc 
Power supply (+5 V) 


Gt\D 
Ground 


CMOS 
1M (64K x 16) 
Mask-Programmable 
ROM 


CE 
OE 
MODE 
Do· 0,. 
SUPPLY CURRENT 
NOTE 


H 
X 
Non selected 
High-Z 
Standby 
(ISB) 
1 


L 
H 
Non selected 
High-Z 
Operating 
(Icc) 


L 
L 
Selected 
DOUT 
Operating 
(Icc) 


PARAMETER 
SYMBOL 
RATING 
UNrr 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto+70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 
-- 


Output 
"Low" 
voltage 
VOL 
10L = 3.2 
mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -1.0 
mA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V or Vcc 
10 
~ 


Output 
leakage 
current 
IILO I 
VOUT = 0 V or Vcc 
10 
~ 
1 


Operating 
current 
Icc, 
tAC = 55 ns 
120 
mA 
2 


ICC2 
tAC = 55 ns 
110 
3 


Standby 
cu rre nt 
ISB 
CE = VIH 
2 
mA 


NOTES: 
1. 
CE or OE ~ V,H 


2. 
VIN = VIHN,L. CE - VIL. outputs open 
3. 
VIN = (Vcc - 0.2V) 
or 0.2 
V, CE = 0.2 
V, outputs open 


CMOS 
1M (64K x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
55 
ns 


Address 
access 
time 
tM 
55 
ns 


Chip 
enable 
time 
tACE 
55 
ns 


Output 
enable 
delay 
time 
tOE 
2'" 
ns 
.) 


Output 
hold 
time 
tOH 
0 
ns 


CE to output 
in High-Z 
lcHZ 
2!5 
ns 
1 
OE to output 
in High-Z 
tOH2: 
2'- 
ns 
.) 


NOTE: 
1. 
This is the time required for the outputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
o Vt03.0 
V 


Input 
riselfall 
ti me 
5 ns 


Input 
reference 
level 
1.5V 


Output 
load 
condition 
1TTL+ 30 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


K'-- 
_ 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass 
capacitor 
be connected 
between 
the Vcc 
pin and GND. 


CMOS 
1M (64K x 16) 
Mask-Programmable 
ROM 


LH53H1000 
Device Type 


X 
Package 
-## 
SpeedL- 55 


'-- 
---{ 
D 40-pin, 600·mil 
DIP (DIP40-P-600) 
N 40-pin, 525··mil SOP (SOP-P-525) 


Example: 
LH53H1000D-55 
(CMOS 
1M (64K x 16) Mask Programmable 
ROM, 55 ns, 40-pin, 600-mil 
DIP) 


53H 1000-4 


LH53H0900 
PRELIMINARY 


CMOS 1M (1281<x 8) Mask-Programmable 
ROM 


• 
Power consumption: 
Operating: 
660 mW (MAX.) 
Standby: 
440 mW (MAX.) 


• 
Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 


The LH53H0900 
is a high speed 
mask-programma- 
ble ROM organized 
as 131,072x8 
bits (1,048.576 
bits). 
It is fabricated 
using silicon-gate 
CMOS 
process 
tech- 
nology. 


32-PIN D P 
TOP VIEW 
32-PINSOP 


NC 
Vcc 


A'6 
NC 


A,s 
NC 


A'2 
A,. 


A7 
A'3 


A6 
As 


As 
Ag 


A. 
A" 


A3 
OE 


A2 
A,a 


A, 
CS 


Ao 
D7 


Do 
D6 


D, 
Ds 


D2 
D. 


GND 
D3 


53H09~1 


Figure 1. Pin Connections for DIP and 
SOP Packages 


CMOS 
1M (128K x 8) 
Mask-Programmable 
ROM 


MEMORY 
MATRIX 
(131,072 x 8) 


SIGNAL 
PIN NAME 


Ao - A16 
Address input 


Do - D7 
Data output 


CS 
Chip Select input 


SIGNAL 
PIN NAME 


OE 
Output Enable input 


Vcc 
Power supply (+5 V) 


GND 
Ground 


CMOS 1M (128K x 8) 
Mask-Programmable 
ROM 


cs 
OE 
MODE 
00- 07 
SUPPLY CURRENT 
NOTE 


H 
X 
Non selected 
High-Z 
Standby 
(158) 
1 


L 
H 
Non selected 
High-Z 
Operating 
(Icc) 


L 
L 
Selected 
DOUT 
Operating 
(Icc) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto+70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respecllo 
GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 3.2 
mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
IOH = -1.0 
mA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V or Vcc 
10 
~ 


Output 
leakage 
current 
IILO I 
VOUT = 0 V or Vcc 
10 
~ 
1 


Operating 
current 
ICCl 
tRC = 45 ns 
120 
mA 
2 


Standby 
current 
158 
CS = VIH 
80 
mA 


NOTES: 
1. 
CS/OE = VH 


2. 
VIN - VIHNIL. CS - VIL, outputs open 


CMOS 1M (128K x 8) 
Mask·Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
45 
ns 


Address access time 
tAA 
45 
ns 


Chip select time 
tACS 
45 
ns 


Output enable time 
tOE 
20 
ns 


Output hold time 
toH 
0 
ns 


CE to output in High-Z 
lcHZ 
20 
ns 
1 
OE to output in High-Z 
tOHZ: 
20 
ns 


NOTE: 
1. 
This is the time required for the oUlputs 10 become high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
o Vto 3.0 V 


Input riselfall time 
5 ns 


Input reference level 
1.5 V 


Output load condition 
1TTL+ 30 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


1 


lAA(NOTE) 


'\ 


lACS (NOTE) 
'cHZ 
t 
IoE (NOTE) 
10HZ 


/ / / 
DATA VALID 
-\0 
\ 
\ 
\ 
-I 
I 


IoH 
I 


To stablize 
the power supply, it is recommended 
that a high-frequency 
bypass 
capacitor 
be connected 
between 
the Vcc 
pin and the GND pin. 


CMOS 
1M (128K x 8) 
Mask-Programmable 
ROM 


LH53H1100 
Device Type 
X 
Package 
-## 
SpeedL 


'-- 
-.< D 
32-pin. 600-mil 
DIP (DIP32-P-600) 
N 
32-pin. 525-mil SOP (SOP32-P-525) 


Example: 
LH53H1100D-45 
(CMOS 1M (128K x 8) Mask Programmable 
ROM, 45 ns, 32-pin, 600-mil 
DIP) 


53HOOOO-4 


LH530800A 


PIN CONNECTIONS 


32-PIN DIP 
TOP VIEW 


32-PIN SOP 
NC 
Vcc 


A,. 
NC 


A,s 
NC 


A'2 
A,. 


A] 
A13 


As 
As 


As 
As 


A. 
A" 


A3 
OEJOE 


A2 
AlO 


A, 
CE/CE 


Ao 
D] 


Do 
D. 


D, 
Ds 


D2 
D. 


GND 
D3 


• 
Power consumption: 
Operating: 
193 mW (MAX.) 
Standby: 
550 ~W (MAX.) 


• 
Packages: 
32-pin, 600-mil DIP 
32-pin, 525-mil SOP 
44-pin, 10 x 10 mm2 QFP 


The 
LH530800A 
is a mask-programmable 
ROM 
organized 
as 131,072 x 8 bits (1,048,576 
bits). It is fab- 
ricated 
using silicon-gate 
CMOS 
process 
technology. 


A" 
43 
AC44· 


9 
12345 


Figure 
1. Pin Connections 
for DIP, SOP, 
and QFP Packages 


a: 
a: 
MEMORY 
w 
MATRIX 
w 
0 
L1. 
0 
(131,072 x 8) 
L1. 
::> 
0 
m 
w 


(/) 
0 


(/) 
(/) 
w 
(/) 
a: 
w 
0 
a: 
0 
0 
< 
0< 
COLUMN 
SELECTOR 


16 


NOTE: 
Pin numbers apply to the 32-pin DIP. Vcc 
GND 


SIGNAL 
PIN NAME 
NOTE 


Ao - A16 
Address 
input 


Do - D7 
Data 
Output 


CEICE 
Chip 
enable 
input 
1 


SIGNAL 
PIN NAME 
NOTE 


OEIOE 
Output 
enable 
input 
1 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
Active levels of CE/CE and OEiOE are mask-programmable. 


CEiCE 
OE/OE 
MODE 
Do' D7 
SUPPLY CURRENT 
NOTE 


UH 
X 
Non selected 
High-Z 
Standby 
(ls8) 
1 


HIl 
UH 
Non selected 
High-Z 
Operating 
(Ice) 


HIl 
HIl 
Selected 
DouT 
Operating 
(Ice) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc + 0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 1.6 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 fJA 
2.4 
V 


Input 
leakage 
current 
IILlI 
VIN = 0 V to Vcc 
10 
fJA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V to Vcc 
10 
fJA 
1 


Icc1 
tRC = 150 ns 
35 
mA 
2 


Operating 
current 
Icc2 
tRC = 1 ~s 
25 


Icc3 
tRC = 150 ns 
30 
mA 
3 
Icc4 
tRC = 1 ~ 
20 


ISB' 
CE = VIL, CE = VIH 
2 
mA 


Standby 
current 
CE = Vcc 
- 0.2 V, 
ISB2 
CE = 0.2 V 
100 
fJA 


NO~Jl~ 
1. 
CEIOE - VIHor CEIOE = VIL 


2. 
VIN = VIHNll. CE = Vilo CE = VIH, outputs open 


3. 
VIN = (Vcc - 0.2 V) or 0.2 V, CE ~ 0.2 V, CE ~ Vcc - 0.2 V. outputs open 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
150 
ns 


Address 
access 
time 
tAA 
150 
ns 


Chip 
enable 
time 
tACE 
150 
ns 


Output 
enable 
time 
tOE 
10 
80 
ns 


Output 
hold 
ti me 
tOH 
5 
ns 


CE to output 
in High-Z 
lcHZ 
70 
ns 
1 
OE to output 
in High-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This is the time required for the output to become high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input riselfall time 
10 ns 


Input reference level 
1.5 V 


Output reference level 
0.8 V and 2.2 V 


Output load condition 
1TIL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


tAA(NOTE) 
I 
1\ 


tAce(NOTE) 
'cHZ 


Ioe 
(NOTE) 
10HZ 


, I 
-" \ \ 
DATA VALID -I 


loH 
I 


OPERATION IMMEDIATELY 
AFTER 
POWER UP 


To ensure valid data immediately 
after power up and 
once the supply 
is stable, perform 
one of the following 
operations: 


1. 
If the Chip Enable 
(CE) was high during power 
up, switch 
the 
CE 
input 
from 
HIGH 
to LOW. 


(lACE) or 


2. 
Change 
one or more addresses 
if the CE input 
was LOW at power 
up. 
(tAA) 


The valid data will be output at lACE or lAA following 
a transition 
from the above operations 
(1) or (2). 


To stabilize the power supply, it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
be- 
tween the Vcc pin and the GND pin. 


-- - - - - --- - - - - - - -- - - ---- - - -- - - - --- - - -- - - --- - - - --- - - - - - - - - - - ---- - - - 4.5 V 
I, (NOTE) 


t,(NOTE) 


---- ------------ 
------------------- 
----- 
----- 
------- 
----- 
------- 
- 4.5 V 
13(NOTE) 


~DATAVALID 


LH530800A 
Device Type 


X 
Package 
-## 
Speed 
L-- 
15 
150 
Access Time (ns) 


D 
32-pin, 600-mil 
DIP (DIP32-P-600) 
~--------< 
M 
44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 
N 
32-pin, 525-mil 
SOP (SOP32-P-525) 


Example: 
LH530800AD-15 
(CMOS 
1M (128K x 8) Mask Programmable 
ROM, 150 ns, 32-pin, 600-mil 
DIP) 
530800-6 


LH531000B 


DESCRIPTION 


The 
L 
5310008 
is a mask-programmable 
ROM 
organized 
as 131,072 x 8 bits. 
It is fabricated 
using 
silicon-gate CMOS process technology. 


• 
Low power consumption: 
Operating: 
192.5 mW (MAX.) 
Standby: 
550 JlW (MAX.) 


• 
Programmable 
CEfCE or DEfOE 


Ag 


All 
A,. 
A,. 
CE ICEiOEIOE 
0, 


0. 
0. 


0. 
°3 


• 
Packages: 
28-pin, GOO-milDIP 
28-pin, 450-mil SOP 
44-pin, 14 x 14 mm2 QFP 
CEiCEiOEIOE 


NC 


NC 
A,. 


Figure 1. Pin Connections 
for DIP, SOP, 
and QFP Packages 


MEMORY 
a: 
MATRIX 
a: 
w 
(131,072 x 8) 
w 
0 
LL 
LL 
8 
::::lco 
W 


(J) 
0 


(J) 
(J) 
w 
(J) 
a: 
w 
0 
a: 
0 
0 
c( 
0 
COLUMN SELECTOR 
c( 


SIGNAL 
PIN NAME 
NOTE 


Ao- 
A16 
Address 
input 


Do· 
07 
Data 
output 


CEJCEJOEIOE 
Chip 
Enable 
input 
or 
1 
Output 
Enable 
input 


SIGNAL 
PIN NAME 
NOTE 


Vee 
Power 
supply 
(+5 
V) 


GND 
Ground 


NOTE: 
1. 
Active level of CEiCE or OEiOE is mask-programmable. 


PIN 20 (DIP/SOP) 
- 
- 
or PIN 34 (QFP) 
CEiCE 
OEiOE 
MODE 
Do· Ih 
SUPPLY CURRENT 


CEtype 
HIl 
- 
Selected 
DouT 
Operating 
(Ice) 


UH 
- 
Non selected 
High ..Z 
Standby 
(IS8) 


OE1ype 
- 
HIl 
Selected 
DouT 
Operating 
(Ice) 
- 
UH 
Non selected 
High·.z 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
o to +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED 
OPERATING CONDITIONS 
(TA = 0 to +70°C) 


PARAMETER 
UNVIT~ 


Supply 
voltage 
~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 1.6 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 !-LA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V to Vcc 
10 
!-LA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V to Vcc 
10 
!-LA 
1 


Icc1 
tRC a 150 ns 
35 
mA 
2 


Operating 
current 
Icc2 
tRC = 1 IJS 
25 


Icc3 
tRC = 150 ns 
30 
mA 
3 
Icc4 
tRC a 1 IJS 
20 


Standby 
current 
ISB1 
CE = VIH, CE = VIL 
2 
mA 
4 
ISB2 
CE = Vcc 
- 0.2 V, CE = 0.2 V 
100 
!-LA 


NOTES: 
1. 
CEJOE - VL, CEJOE - VH 


2. 
VIN = VIHNll, CE - VIH, CE = VL (CE type), outputs open 


3. 
VIN = 0Icc - 0.2 V) or 0.2 V. CE ~ Vcc - 0.2 V, CE - 0.2 V (CE type), outputs open 


4. 
CE type only 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read cycle ti me 
tRc 
150 
ns 


Address access time 
tAA 
150 
ns 


Chip enable access time 
tACE 
CEtype 
150 
ns 


Output enable time 
toE 
OEtype 
10 
80 
ns 


Output hold time 
tOH 
5 
ns 


CE to output in High-Z 
!cHZ 
CEtype 
70 
ns 
1 


OE to output in High-Z 
tOHZ 
OEtype 
70 
ns 


NOTE: 
1. 
This is the time required for the output to become high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input rise/fall time 
10 ns 


Input reference level 
1.5 V 


Output reference level 
0.8 V and 2.2 V 


Output load condition 
lTIL+l00pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


tAA(NOTE) 


)K 
( 


tACE(NOTE) 
!cHZ 


( 


IoE 
(NOTE) 
10HZ 


" " " 
DATA VALID 
-f 
/ 


IoH 
I 


OPERATION IMMEDIATELY AFTER 
POWER UP 


OE or OE Type 


1. 
Change 
one or more addresses 
at power 
up. 


The valid data will be output at !ACE or tAA following 
a transition 
from the above 
operations 
(1) or (2). 


To ensure valid data immediately 
after power up and 
once the supply 
is stable, perform 
one of the following 
operations: 


CE or CE Type 


1. 
If the Chip Enable 
(CE) was high during power 
up, switch 
the 
CE 
input 
from 
HIGH 
to LOW. 


(!AcE) or 


2. 
Change 
one or more addresses 
if the CE input 
was LOW at power 
up. 
(tAA) 


To stabilize the power supply, it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
be- 


tween the Vcc pin and GND. 


--- - - - -- - - -- - - - -- - - -- - - - - - - - - - - - - - - - - - - - -- - - - - -- - - - - - - - - - - - --- - - - 4.5 V 
I (NOTE) 


12(NOTE) 


Figure 
4. 
Power 
On With 
CE/CE Inactive 
(CE or CE Type in Operation) 


Figure 
5. Power 
On With 
CE/CE Active 
(CE or CE Type in Operation) 


XOATA 
VALID 


Figure 
6. 
Power 
On Initialization 
(OE or OE Type in Operation) 


LH531000B 
Device Type 
X 
Package 
-## 
SpeedL 


f D 
28-pin, 600-mil 
DIP (DIP28-P-600) 
'---------<IN 
28-pin, 450-mil SOP (SOP28-P-450) 
M 
44-pin, 
14 x 14 mm2 OFP (OFP44-P-1414) 


Example: 
LH531000BD-15 
(CMOS 
1M (128K x 8) Mask Programmable 
ROM, 150 ns, 28-pin, 600-mil 
DIP) 


531000A·7 


LH532000B 
CMOS 2M (256K x 8 / 128K x 16) 
Mask-Programmable ROM 


• 
Selectable memory organization: 
262,144 x 8 bit (byte mode) 
131,072 x 16 bit (word mode) 


• 
Low power consumption: 


Operating: 
275 mW (MAX.) 
Standby: 
550 IlW (MAX.) 


• 
Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
48-pin, 12 x 18 mm2 TSOP (Type I) 
44-pin, 14 x 14 mm2 OFP 
44-pin, 10 x 1° mm2 OFP 


DESCRIPTION 


The 
LH532000B 
is a 2M bit mask-programmable 
ROM with two programmable 
memory 
organizations, 


byte and word modes. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


4O-PIN DIP 
4O-PINSOP 


OE,/OE,IDC 


A7 


A,o 


A" 
A,. 


A'3 
A" 


A •• 
A,. 
BYTE 


GND 


D,s/A., (LSB) 


D7 
D,. 


D. 


D'3 
D. 
D,. 


D. 


Vcc 


~. ~·I~ 
<> 
( 
• 
u 
>z_r-._e> 


zce«< 
alt'OOOO 


Figure 1. Pin Connections for DIP, SOP, 
and QFP Packages 


CMOS 
2M (256K x 8/128K x 16) 
Mask-Programmable 
ROM 


MEMORY 
MATRIX 
a: 
(262,144 x B) 
w 
u. 


(131,072 x 16) 
u. 
::;) 
a: 
m 
w 
I- 


0 
::;) 
a- 
0 
I- 
(.) 
::;) 
w 
~ 
0 
CIl 
~ 
CIlwa: 
(.) 
0 
W 
...J 
0 
W 
« 
CIl 


OOWON ",,,em. I 


~«0 


OE,IOE,IDC 
OEIOE 


SIGNAL 
PIN NAME 
NOTE 


A., 
Address 
input 
(BYTE 
mode) 
1 


A<J- A'6 
Address 
input 


Do - D,5 
Data 
output 


CE 
Chip 
enable 
input 


OEJOE 
Output 
enable 
input 
2 


SIGNAL 
PIN NAME 
NOTE 


OE,/OE,IDC 
Output 
enable 
input 
or 
2 
Don't 
care 


BYTE 
BYTE/WORD 
switch 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTES: 
1. 
D,s/A., pin becomes LSB address input (A.,) when the bit configuration is set in byte mode, 
and dam output (D15) when in word mode. BYTE input pin selects bit configuration 
2. 
The active levels of OEIOE and OE,IOE,/DC are mask·programmable. 
Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended 
to apply either a HIGH or a LOW to the DC pin. 


CMOS 2M (256K x 81128K x 16) 
Mask-Programmable 
ROM 


CE 
OEiOE 
OE,/OE, 
BYTE 
A., 
MODE 
Do - 07 
I 
08 - 0'5 
SUPPLY CURRENT 


H 
X 
X 
X 
X 
Non selected 
High-Z 
Standby (ISB) 


L 
UH 
X 
X 
X 
Non selected 
High-Z 
Operating (Icc) 


L 
X 
LJH 
X 
X 
Non selected 
High-Z 
Operating (Icc) 


L 
HIL 
HIL 
H 
Inhibit 
Word 
Do - D7 
D8 - D'5 
Operating (Icc) 


L 
HIL 
HIL 
L 
L 
Byte 
Do - D7 
High-Z 
Operating (Icc) 


L 
HIL 
HIL 
L 
H 
Byte 
D8 - D'5 
High-Z 
Operating (Icc) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
Oto+70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
VIL 
-0.3 
0.8 
V 


Input "High" voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
IOL= 2.0 mA 
0.4 
V 


Output "High" voltage 
VOH 
IOH= -400 JlA 
2.4 
V 


Input leakage current 
IILlI 
VIN = 0 V to Vcc 
10 
JlA 


Output leakage current 
IILO I 
VOUT= 0 V to Vcc 
10 
JlA 
1 


Icc, 
tRC = tRC (MIN.) 
50 
mA 
2 
Operating current 
Icc2 
tRC = 1 JlS 
45 


Icc3 
tRC = tRC (MIN.) 
45 
mA 
3 
Icc4 
tRC = 1 JlS 
40 


Standby current 
ISB' 
CE = VIH 
3 
mA 


15B2 
CE = Vcc - 0.2 V 
100 
~A 


NOTES: 
1. 
OEJOE,- 
VIL. CEJOE/OE,= 
VIH 
2. 
VIN = VIHNIL. CE = V,L, outputs open 
3. 
VIN = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V. outputs open 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass capacitor 
be connected 
between 
the Vcc 
pin and GND. 


CMOS 2M (256K x 8/128K x 16) 
Mask·Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
MIN. 
MAX. 
UNrr 
NOTE 


Read cycle time 
tAC 
120 
150 
ns 


Address access time 
tAA 
120 
150 
ns 


Chip enable access time 
tACE 
120 
150 
ns 


Output enable delay time 
toE 
55 
10 
70 
ns 


Output hold time 
tOH 
5 
10 
ns 


CE to output in High-Z 
tCHZ 
55 
70 
ns 
1 
OE to output In High-Z 
tOHZ 
55 
70 
ns 


NOTE: 
1. 
This is 1I1etime required for 1I1eoutput to become high,impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input riselfall time 
10 ns 


Input reference level 
1.5V 


Output reference level 
0.8 V and 2.2 V 


Output load condition 
1TTL +100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNrr 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


OEid"E, 


OEiOE, 


2) 


tM{NOTE1) 


"\ 


I 
tACE 
!cHZ 


'oE{NOTE 1) 
10Hz 


E 2) 
,,, 
DATA VALID 
•• \ 
\ 
\ \ \ 
-I / 
/ 


'oH 
I 


{NOTE 
A'"A,. 


(Ae' A,.) 


(NOT 
Do, D7 


{Do ,D,s) 


NOTES: 
1. Data becomes valid after tM• tACE•and toE from address 
input. chip enable or output enable, respectively have been met. 


2. Applied to byte mode. Signals in parentheses apply to word mode. 


CMOS 2M (256K x 8/128K x 16) 
Mask-Programmable 
ROM 


LH532000B 
X 
-## 
Device Type 
Package 
Speed 


y12 
120 
Access Time (ns) 
15 
150 


D 
40-pin, 600-mil 
DIP (DIP40-P-600) 
M 
44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 
N 
40-pin, 525-mil SOP (SOP40-P-525) 
T 
48-pin, 12 x 18 mm2 TSOP (TSOP48-P-1218: 
Type I) 
Z 
44-pin, 10 x 10 mm2 QFP (QFP44-P-1010) 


CMOS 2M (256K x 8 or 128K x 16) Mask Programmable 
ROM 


Example: 
LH532000BD-15 
(CMOS 2M (256K x 8 or 128K x 16) Mask Programmable 
ROM, 


150 ns, 28-pin, 600-mil 
DIP) 
5320008-4 


LH532100B 


DESCRIPTION 


The 
LH532100B 
is a mask-programmable 
ROM 
organized 
as 262,144 
x 8 bits. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


• 
Low power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
550 llW (MAX.) 


32-PIN DIP 
32-PIN SOP 


OE,/OE,/DC 
A,. 


A,s 


A'2 


A7 


NC 


All 


A'4 


A,3 


As 


As 


All 


OEJOE 


A,o 


CE 


• 
Mask-programmable 
OE/OE and 
OE1/0E1 


• 
Packages: 
32-pin, GOO-milDIP 
32-pin, 525-mil SOP 


• 
JEDEC standard EPROM pinout (DIP) 
Figure 
1. Pin Connections 
for DIP and 
SOP Packages 


a: 
MEMORY 
a: 
MATRIX 
w 
w 
u. 
0 
(262,144 
x 8) 
u. 
0 
:;) 
0 
m 
w 


CJ) 
0 


CJ) 
III 
wa: 
w 
0 
a: 
0 
0 
« 
0« 
COLUMN SELECTOR 


OEIOE 


OE,/OE,/DC 


16 


Vcc 
GND 


SIGNAL 
PIN NAME 
NOTE 


Ao - A17 
Address 
input 


Do - D7 
Data 
output 


CE 
Chip 
Enable 
input 


OE/OE 
Output 
Enable 
input 
1 


SIGNAL 
PIN NAME 
NOTE 


OE1/0E,/DC 
Output 
Enable 
input! 
1 
Don't 
Care 
connection 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
Active levels of OE/OE and OE,/OE,/DC 
are mask-programmable. 


Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended 
to apply either a HIGH or a LOW to the DC pin. 


CE 
OE/OE 
OE,/OE, 
MODE 
D. - 07 
SUPPLY CURRENT 


H 
X 
X 
Non selected 
High-Z 
Standby 
(ISB) 


L 
UH 
X 
Non selected 
High-Z 
Operating 
(Ice) 


L 
X 
UH 
Non selected 
High-Z 
Operating 
(Ice) 


L 
HIL 
HIL 
Selected 
DouT 
Operating 
(Ice) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
Your 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto+70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc 
+0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L - 
2.0 
mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 
!LA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V to Vcc 
10 
!LA 


Output 
leakage 
current 
IILo 
I 
Your 
= 0 V to Vcc 
10 
!LA 
1 


Icc1 
tAC = 150 
ns 
50 
mA 
2 


Operating 
current 
ICC2 
tAC = 1 liS 
45 


Icc3 
tAC = 150 
ns 
45 
mA 
3 
Icc4 
tAC = 1 liS 
40 


ISBl 
CE = VIL, CE = VIH 
3 
mA 
Standby 
current 
ISB2 
CE = 0.2 V, 
CE - Vcc 
- 0.2 V 
100 
IiA 


NOTES: 
1. 
CEIOE/OE, 
= VIHor OE/OE, 
- VIL 


2. 
VIN - VIHNIL, CE - VIL, outputs open 


3. 
VIN = Clcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tAC 
120 
150 
ns 


Address 
access 
time 
tAA 
120 
150 
ns 


Chip 
enable 
access 
time 
tACE 
120 
150 
ns 


Output 
enable 
delay 
time 
tOE 
50 
10 
70 
ns 


Output 
hold 
time 
tOH 
5 
10 
ns 


CE to output 
in High-Z 
tCHZ 
50 
70 
ns 
1 
OE to output 
in High-Z 
tOHz 
50 
70 
ns 


NOTE: 
1. 
This is the time required for the outputs to become high-impedance. 


To stabilize 
the 
power 
supply, 
it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
between 


the 
VCC 
pin 
and 
the GND 
pin. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input riselfall time 
10 ns 


Input reference level 
1.5V 


Output refere nce leve I 
0.8 V and 2.2 V 


Output load condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 


Output capacitance 
COUT 
10 
pF 


~ 


lAA(NOTE) 


lACE (NOTE) 
lcHZ 


toe (NOTE) 
10Hz 


/ 
VAUD 
" " 
\ 
I I 


IoH 


OElOE, 


OElOE, 


LH532100B 
Device Type 
X 
Package 


-## 
Speedy~~ 
~~~ 
ACGess Time (ns) 


'-- 
--{ D 
32-pin, 600-mil DIP (DIP32-P-600) 
N 
32-pin, 525-mil SOP (SOP32-P-525) 


Example: 
LH532100BD-15 
(CMOS 2M (256K x 8) Mask Programmable 
ROM, 150 ns, 32-pin, 600·mil DIP\ 


532100B ..• 


LH534000B 
CMOS 4M (512K x 8/ 256K x 16) 
Mask-Programmable 
ROM 


• 
Memory organization selection: 
524,288 x 8 bit (byte mode) 
262,144 x 16 bit (word mode) 


• 
Low power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
550 IlW (MAX.) 


• 
Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
48-pin, 12 x 18 mm2 TSOP (Type I) 
44-pin, 14 x 14 mm2 QFP 
44-pin, 10 x 10 mm2 QFP 


The 
LH534000B 
is a 4M bit mask-programmable 
ROM with two programmable 
memory organizations 
of 
byte and word modes. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


PIN CONNECTIONS 


TOP VIEW 
4O-PIN DIP 
4O-PINSOP 


A17 
A. 


A7 
Ag 


A., 
Ala 


As 
A" 


A. 
A'2 


A3 
A'3 


A2 
A,. 


A, 
A,s 


Ao 
A,. 


CE 
BYTE 


GND 
GND 


<5E 
D,s/A., 


Do 
07 


D. 
0,. 


0, 
06 


D. 
0'3 


O2 
05 


0'0 
0'2 


03 
D. 


0" 
Vcc 


Figure 1. Pin Connections for DIP. SOP, 
and QFP Packages 


CMOS 4M (512K x 8 I 256K x 16) 
Mask-Programmable 
ROM 


MEMORY 
0,. 
MATRIX 
(524,288 
x B) 
(262,144 
x lIi) 
a: 
w 
a: 
00 
wu. 
U 
u. 
w 
::> 
0 
10 
(J) 
I- 


(J) 
::> 
w 
a. 
a: 
I- 
0 
::> 
0 
0 
< 
~ 


OOW"' 5"'''0' I 


gu 
w-' 
w 
(J) 
~< 
0 


SIGNAL 
PIN NAME 
NOTE 


A.1 
Address 
input 
(BYTE 
mode) 
1 


Ao - A17 
Address 
input 


Do - 0,5 
Data 
output 


CE 
Chip 
enable 
input 


SIGNAL 
PIN NAME 
NOTE 


OE 
Chip 
enable 
input 


BYTE 
Byte/word 
mode 
switch 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
D,s/A., 
pin becomes L5B address input (A., I when the bit configuration is set in byte mode, 
and data oUlput (D,s) when in word mode. BYTE input pin selects bit configuration. 


LH534000B 


TRUTH TABLE 


CMOS 4M (512K x 8 /256K 
x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE 
A., 
MODE 
Do- 07 
08 - 015 
SUPPLY CURRENT 


H 
X 
X 
X 
Non selected 
High-Z 
Standby (1581 


L 
H 
X 
X 
Non selected 
High-Z 
Operating (Ieel 


L 
L 
H 
Inhib~ 
Word 
Do - 07 
Do - 0,5 
Operating (Ieel 


L 
L 
L 
L 
Byte 
Do - 07 
High-Z 
Operating (Ieel 


L 
L 
L 
H 
Byte 
OB- 015 
High-Z 
Operating (Ieel 


NOTES: 
1. X-HorL 


2. 
The input stale of BYTE must not be changed during operation. The BYTE pin must be sat to either HIGH or LOW. 


PARAMETER 
SYMBOL 
RATING 
UNIT 
tlOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
Oto +70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
V,L 
-0.3 
0.8 
V 


Input "High" voltage 
V,H 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
10L= 2.0 mA 
0.4 
V 


Output "High" voltage 
VOH 
10H= -400 ~ 
2.4 
V 


Input leakage current 
IILlI 
V,N = 0 V to Vcc 
10 
~ 
Output leakage current 
IILO I 
VOUT= 0 V to Vcc 
10 
~ 
1 


ICCl 
tRC = 200 ns 
50 
mA 
2 
Operating current 
Icc2 
tRC = 1 IJ.S 
45 


Icc3 
tRC = 200 ns 
45 
mA 
3 
Icc4 
tRC = 1 IJ.S 
40 


Standby current 
1581 
CE = V,H 
3 
mA 


1582 
CE = Vcc - 0.2 V 
100 
~ 


NOTES: 
1. 
OE = V,L, CE - V,H 
2. 
V,N = V,HN,L, 
CE = V,L. outputs open 


3. 
V,N - Ncc 
• 0.2 V) or 0.2 V, CE - 0.2 V, outputs open 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass capacitor 
be connected 
between 
the VCC pin and GND. 


CMOS 4M (512K x 8 I 256K x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX, 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tAA 
200 
ns 


Chip 
enable 
access 
time 
tACE 
200 
ns 


Output 
enable 
delay 
time 
toE 
80 
ns 


Output 
hold 
time 
toH 
10 
ns 


CE to output 
in High-Z 
tCHZ 
80 
ns 
1 
OE to output 
in High-Z 
tOHZ 
80 
ns 


NOTE: 
1. 
This is the time required for the outputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL +100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


(NOTE 
A.1- A17 
(Ao-Ad 


2) 


~ 


tAA(NOTE 1) 


'\ 
I 
tACE(NOTE 1) 
lcHZ 


lee (NOTE 1) 
10HZ 


2) 
/ / / 
-II< 
'\ 
'\ 
\ \ 
\ 
DATAVALID 
-I I 
I 


'oH 
I 


(NOTE 
00- 07 
(00- 015) 


NOTES: 


1. Oata becomes valid after the intervals tM tACEand 'oE from address 
input, chip enable, and output enable, respectively have been mel. 


2. Applies to byte mode. Signals in parentheses apply to word mode. 


CMOS 4M (512K x 8/256K 
x 16) 
Mask·Programmable 
ROM 


LH534000B 
X 
-## 
Device Type 
Package 
Speedl- 
20 
200 
Access Time (ns) 


D 
40-pin, 600-mil 
DIP (DIP40-P-600) 
N 
40-pin, 525-mil SOP (SOP40-P-525) 
T 
48-pin, 
12 x 18 mm2 
TSOP (TSOP48-P-1218: 
Type I) 
Z 
44-pin, 10 x 10 rnm2 QFP (QFP44-P-1010) 
M 
44-pin, 
14 x 14 mm2 QFP (QFP44-P-1414) 


CMOS 4M (512K x 8 or 256K x 16) Mask Programmable 
ROM 


Example: 
LH534000BD-20 
(CMOS 4M (512K x 8) Mask Programmable 
ROM, 200 ns, 40-pin, 600-mil 
DIP) 


53400011-4 


LH534100B 


• 
Power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
550 llW (MAX.) 


• 
Mask-programmable 
OE/OE and 
OE1/0E1/DC 


• 
Packages: 
32-pin, SOO-milDIP 
32-pin, 525-mil SOP 


DESCFUPTION 


The L.H534100B is a 4M-bit mask-programmable 
ROM or!~anizedas 524,288 x 8 bits. 
It is fabricated 
using silicon-gate CMOS process technology. 


32-PIN DIP 
32-PINSOP 


OE,IOE,/DC 


A16 


A,s 


A12 


A7 
~ 


As 


A. 


A. 


A2 


A, 


Vcc 


A'8 
A17 
A,. 


A1• 


A8 


A9 
An 


OEIOE 


A10 


CE 


D7 


D6 


Ds 


D. 
D. 


Figure 1. Pin Connections for DIP and SOP 
Packages 


OElOE1/DC 


OEiOE 


MEMORY 
MATRIX 
(524,288 x 8) 


SIGNAL 
PIN NAME 
NOTE 


Ao-A18 
Address 
input 


Do - 07 
Data 
output 


CE 
Chip 
Enable 
input 


OE/OE 
Output 
Enable 
input 
1 


SIGNAL 
PIN NAME 
NOTE 


OE1/0El/DC 
Output 
Enable 
input! 
1 
Don't 
Care 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
Active levels of OE1/0El/DC 
and OE/OE are mask-programmable. 


Selecting DC allows the outputs to be active for both high and low levels applied to this pin. 
It is recommended to apply either a HIGH or a LOW to the DC pin. 


CE 
OEiOE 
OE,IOE, 
MODE 
Do' D7 
SUPPLY CURRENT 


H 
X 
X 
Non selected 
High-Z 
Standby (ls8) 


L 
X 
UH 
Non selected 
High-Z 
Operating (Ice) 


L 
UH 
X 
Non selected 
High-Z 
Operating (Ice) 


L 
HIL 
HIL 
Selected 
DOUT 
Operating (Ice) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
Oto +70 
·C 


Storage temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
VIL 
-0.3 
0.8 
V 


Input "High" voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
10L= 2.0 mA 
0.4 
V 


Output "High" voltage 
VOH 
10H= -400 ~ 
2.4 
V 


Input leakage current 
IILlI 
VIN = 0 V to Vcc 
10 
~ 
Output leakage current 
IILO I 
VOUT= 0 V to Vce 
10 
~ 
1 


Icc, 
tRe = 200 ns 
50 
mA 
2 
Operating current 
ICC2 
tRC = 1 f1S 
45 


lec3 
tRC = 200 ns 
45 
mA 
3 
lec4 
tRC = 1 f1S 
40 


Standby current 
IS8, 
CE = VIH 
3 
mA 


IS82 
CE = Vee - 0.2 V 
100 
~ 


NOTES: 
1. 
CE/OE/OE, 
= VIH or OE/OE, 
= VIL 


2. 
VIN = VIHNIL, CE = VIL, outputs open 


3. 
VIN = (Vcc - 0.2 V) or 0.2 V, CE = 0.2 V, outputs open 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass 
capacitor 
be connected 
between 
the Vcc 
pin and the GND pin. 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tM 
200 
ns 


Chip 
enable 
time 
tAcE 
200 
ns 


Output 
enable 
time 
tOE 
80 
ns 


Output 
hold 
time 
tOH 
10 
ns 


CE to output 
in High-Z 
tCHZ 
80 
ns 
1 
OE to output 
in High-Z 
tOHZ 
80 
ns 


NOTE: 
1. 
This is the time required for the outputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0_6 Vto 
2.4 V 


Input 
riselfall 
ti me 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


~ 


tAA(NOTE) 


~ 


tACE(NOTE) 
lcHz 


IoE (NOTE) 
10HZ 


IoH 
I 
,,, 
"""\ 
"\ 
\ \ \ 
DATA VALID 
-I / 
/ 


OElOE, 


OEIOE, 


LH534100B 
Device Type 


X 
Package 
-## 
Speed 
L- 
20 
200 
Access Time (ns) 


L- 
--{ 
D 
32-pin, 600-mil 
DIP (DIP32-P-600) 
N 
32-pin, 52!i-mil 
SOP (SOP32-P-525) 


Example: 
LH534100BD-20 
(CMOS 4M (512K x 8) Mask Programmable 
ROM, 200 ns, 32-pin, 600-mil 
DIP) 


534100-4 


LH534500A 
CMOS 4M (512K x 8 / 256K x 16) 
Mask-Programmable 
ROM 


• 
Memory organization selection: 


524,288 x 8 bit (byte mode) 
262,144 x 16 bit (word mode) 


• 
Low power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
550 JlW (MAX.) 


• 
Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
48-pin, 12 x 18 mm2 TSOP (Type I) 
44-pin, 14 x 14 mm2 QFP 


The 
LH534500A 
is a 4M 
bit mask-programmable 
ROM with two programmable 
memory organizations 
of 
byte and word modes. It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


A'7 
A. 


A7 
Ag 


A,o 


All 


A. 
A'2 


Aa 
A'3 


~ 
A,. 


A, 
A,s 


Ao 
A'6 


CE 
BYTE 


GND 
11 
GND 


OEiOE 
D,s/A., 


Do 
D7 


D. 
D,. 


D, 
D6 


D. 
D'3 


D2 
Ds 


DIO 
D'2 


D3 
D. 


Dll 
Vcc 


44·PIN aFP 


() 
:? 
:! 
:!! 
~ I~~~ . 
zc(c«< 
mC)oooolD 


Figure 1. Pin Connections 
for 
DIP, SOP, and QFP Packages 


CMOS 4M (512K x 8/256K 
x 16) 
Mask·Programmable 
ROM 


MEMORY 
MATRIX 
(524,288 x 8) 
(262,144 x 16) 
a: 
w 
a: 
00 
W 
011 
U. 
() 
U. 
w 
::l 
0,0 
0 
!Xl 
CJl 
~ 
CJl 
::l 
W 
a.. 
a: 
5 
00 
Q 
< 
a: 


00'""" smcm, I 


f20 
w-' 
w 
CJl 
~<0 


0, 


CE 
SENSE AMPUFIER 


SIGNAL 
PIN NAME 
NOTE 


A-1 
Address input 
1 


Ao - A17 
Address input 


Do- 0,5 
Data output 


CE 
Chip Enable input 


SIGNAL 
PIN NAME 
NOTE 


OElOE~ 
Chip Enable input 
2 


BYTE 
Byte/word mode switch 


Vcc 
Power supply (+5 V) 


GND 
Ground 


NOTES: 
1. 
o,s/A-, pin becomes LSB address input (A.,) when the bit configuration is set in byte mode, 
and data oUlput (O~ 
when in word mode. BYTE input pin selects bit configuration. 


2. 
Active level of OEIOE is mask-programmable. 


CMOS 4M (512K x 8 /256K 
x 16) 
Mask.Programmable 
ROM 


CE 
OEJOE 
BYTE 
A., 
MODE 
Do- 01 
Os - 0,. 
SUPPLY CURRENT 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(ls8) 


L 
UH 
X 
X 
Non selected 
High-Z 
Operating 
(Icc) 


L 
HIL 
H 
Inhibit 
Word 
Do - D7 
De - D,5 
Operating 
(Icc) 


L 
HIL 
L 
L 
Byte 
Do - D7 
High-Z 
Operating 
(Icc) 


L 
HIL 
L 
H 
Byte 
De - D,5 
High-Z 
Operating 
(Icc) 


NOTE: 
X - High or Low 
The input stale of BYTE must not be changed during operation. The BYTE pin must be set to either High or Low. 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
Your 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto +70 
·C 


Storage 
temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
V,L 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 2.0 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 JlA 
2.4 
V 


Input 
leakage 
current 
'Ill 
I 
V,N = 0 V to Vcc 
10 
JlA 


Output 
leakage 
current 
IILO I 
Your 
= 0 V to Vcc 
10 
JlA 
1 


Icc, 
tRC = 150 ns 
50 
mA 
2 


Operating 
current 
ICC2 
tRC = 1 ).l.S 
45 


Icc3 
tRC = 150 ns 
45 
mA 
3 
ICC4 
tRC = 1 f.ls 
40 


Standby 
current 
188, 
CE = VIH 
5 
mA 


1882 
CE = Vcc 
- 0.2 V 
100 
JlA 


NOTES: 
1. 
OE ~ V,L. CEJOE = V,H 
2. 
V,N = V,HN,L. CE = V,L, outputs open 


3. 
V,N - (Vcc - 0.2 V) or 0.2 V. CE - 0.2 V, outputs open 


CMOS 4M (512K x 8/256K 
x 16) 
Mask·Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
150 
ns 


Address 
access 
time 
tAA 
150 
ns 


Chip 
enable 
access 
time 
tAcE 
150 
ns 


Output 
enable 
delay 
time 
tOE 
70 
ns 


Output 
hold 
time 
tOH 
5 
ns 


CE to output 
in High-Z 
tCHZ 
70 
ns 
1 
OE to output 
in High-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This is the time required for the outputs to become high·impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto2.4 
V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


E 2) 


1\ 


tM(NOTE 
1) 


tACE(NOTE 1) 
IcHZ 
I 
J 


I 
lee(NOTE 1) 
10HZ 


E 2) 
, 
\ \ 
VALID 
I I 


!oH 


(NOT 
Do· 07 


(Do· 0,5) 


NOTES: 
1. Data becomes valid aner 1heintervals tM, tACEand lee from address 
input, chip enable, and output enable, respectively have been met 


2. Applies to byte mode. Signals in parentheses apply to word mode. 


CMOS 4M (512K x 8 /256K 
x 16) 
Mask-Programmable 
ROM 


-- - - - - - - - -- - --- 
- - --- 
- --- 
- - --- 
- --- 
- - --- 
- - -- - - - --- 
- - - - - -- - - - - --- 
- - - 4.5 V 
1,(NOTE 2) 


A.1 _ A~~OTE 1) 
(1\,- Ad 


(NOTE 1) 
00- 07 
(00- 
D,s) 


NOTES: 
1. Applies 10byte mode. Signals in parentheses apply 10word mode. 
2. I, and 12: 80 ns (MIN.) 


- - --- - - - - - - --- - -- - - - --- - -- - - ----- 
-- - - - - - - - - - --- - - ---- - - ----- 
- - - - -4.5 V 
13(NOTE 2) 


(NOTE 1) 
1\,- A17 
(I\,-Au! 


1M 


(NOTE 1) 
~ 
00- 07 
/~------------------- 
(00- 
D,s) 
D_A_T_A_IN_V_AL_ID__________ 
~ATAVALID 


NOTES: 


1. Applies 10byte mode. Signals in parenlheses apply 10word mode. 
2. 13and 4: 80 ns (MIN.) 


CMOS 4M (512K x 8 I 256K x 16) 
Mask-Programmable 
ROM 


LH534500A 
Device Type 
X 
Package 
-## 


SpeedL 


D 
40-pin, 600-mil DIP (DIP40-P-600) 
N 
40-pin, 525-mil SOP (SOP40-P-525) 
L..------4 
T 
48-pin, 12 x 18 mm2TSOP (TSOP48-P-1218: 
Type I) 
M 
44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 


L..- 
CMOS 4M (512K x 8 or 256K x 16) Mask Programmable 
ROM 


Example: 
LH534500AD-15 
(CMOS 4M (512K x 8) Mask Programmable 
ROM, 150 ns, 40-pin, 600-mil 
DIP) 


534500..a 


LH534600 
CMOS 4M (512K x 8 /256K x 16) 
Mask-Programmable ROM 


• 
524,288 x 8 bit organization 
(Byte mode) 
262,144 x 16 bit organization 
(Word mode) 


• 
Low power consumption: 
Operating: 
550 mW (MAX.) 
Standby: 
1.65 mW (MAX.) 


• 
Packages: 
40-pin, 600-mil DIP 
40-pin, 525-mil SOP 
44-pin, 14 x 14 mm2 QFP 


DESCRIPTION 


The LH534600 
is a 4M bit mask-programmable 
ROM 
with two programmable 
memory 
organizations 
of byte 
and 
word 
modes. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


4O-PIN DIP 
TOP VIEW 
4O-PINSOP 
A17 
A. 


A7 
Ao 


Ao 
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As 
All 


A. 
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A. 
A,. 


A. 
A,. 


A, 
A,s 
A,. 
A,. 


CE 
BYTE 


GNO 
11 
GNo 


OEiOE 
D,s/A., 


Do 
07 


D. 
0,. 
0, 
D. 


D. 
013 


D. 
Os 


0'0 
0,. 
03 
D. 
011 
Vcc 


44-PINOFP 


/ 


w 0 .i 


l") 
•• 
on 
Cl 
'""i'h 
•• 
U 
•..•.....•...•... 
~ 
Z 
9'" 
••••••• 
Cl 
z««ccooooo 


Figure 
1. Pin Connections 
for DIP, SOP, and 
QFP Packages 


MEMOHY 
MATRIX 
(524,288 x 8) 
(262,144 X 16) 


II: 
w 
II: 
00 
W 
LL 
0 
LL 
W 
::;) 
0 
<Xl 
<J) 
I- 


<J) 
::;) 
W 
ll. 


II: 
I- 
0 
::;) 
0 
Q 
« 
II: 


A. 
12 
0 
A3 
COLUMN 
SELECTOR 
w-' 
A2 
W 
°5 
<J) 


At 
~ 
0. 


A" 
0 


CMOS 4M (512K x 8/ 
256K x 16) 
Mask-Programmable 
ROM 


SIGNAL 
PIN NAME 
NOTE 


A., 
Address input 
1 
(BYTE MODE) 


AlJ - Au 
Address input 


Do- 0'5 
Data output 


CE 
Chip Enable input 


SIGNAL 
PIN NAME 
NOTE 


DE/DE 
Output Enable input 
2 


BYTE 
Byte/word switch 


Vcc 
Power supply (+5 V) 


GND 
Ground 


NOTES: 
1. 
D,s/A., pin becomes LSB address input (A.,) when the bit configuration is set in byte mode, 
and data output (015) when in word mode. BYTE input pin selects bit configuration. 


2. 
Active level of OEIOE is mask-programmable. 


CMOS 4M (512K x 8 /256K x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE 
A.• 
MODE 
Do· 07 
08·015 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(158) 
1 
L 
H 
X 
X 
Non selected 
High-Z 
Operating 
(Icel 


L 
L 
H 
Input 
Word 
Do - 07 
De - 015 
Operating 
(Icc) 
inhib~ 


L 
L 
L 
L 
Byte 
Do - 07 
High-Z 
Operating 
(Icc) 


L 
L 
L 
H 
Byte 
De - 015 
High-Z 
Operating 
(Icc) 


NOTE: 
1. 
The input state of BYTE pin must not be changed during operation. 
The BYTE pin must be set to either High or Low. 


X - H or L 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
V,L 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 2.0 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 ~ 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V to Vcc 
10 
~ 


Output 
leakage 
current 
IILO I 
VOUT = 0 V to Vcc 
10 
~ 
1 


Icc1 
tRC = 100 ns 
100 
mA 
2 


Operating 
current 
ICC2 
tRC = 1 ~s 
70 


ICC3 
tRC = 100 ns 
100 
mA 
3 
ICC4 
tRC = 1 ~s 
70 


Standby 
current 
1581 
CE = V,H 
3 
mA 


1582 
CE = Vcc 
- 0.2 V 
300 
~ 


NOTES: 
1. 
OE = V,L. CEJOE = V,H 


2. 
V,N - VIHN,L, 
CE - V,L, outputs open 


3. 
V,N = (VcC - 0.2 V) or 0.2 V, CE ~ 0.2 V, outputs open 


CMOS 4M (512K x 8/ 256K x 16) 
Mask-Programmable 
ROM 


LH534600 
UNIT 
NOTE 
PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 


Read cycle ti me 
tRC 
100 
ns 


Address access time 
tAA 
100 
ns 


Chip enable access time 
tAcE 
100 
ns 
Output enable delay time 
tOE 
40 
ns 


Output hold ti me 
tOH 
5 
ns 


CE to output in High-Z 
tCHZ 
40 
ns 
1 
OE to ouput in High-Z 
tOHZ 
40 
ns 


NOTE: 
1. 
This is 1I1etime required for 1I1eoutputs to become high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vt02.4 
V 
Input riseltall time 
10 ns 
Input reference level 
1.5 V 


Output reference level 
1.5 V 


Output load condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 


Input capacitance 
CIN 
10 
Output capacitance 
COUT 
10 


CAPACITANCE 
(VCC= 5 V ± 10%, f = 1 MHz, TA = 25°C) 


";; 
I 
pF 


To stabillize 
the power supply, it is recommended 
that a high-frequency 
bypass capacitor 
be connected 
between 
the Vcc 
pin and GND. 


CMOS 4M (512K x 8 /256K 
x 16) 
Mask·Programmable 
ROM 


2) 
--- 
tAA(NOTE 1) 


~ 


tACE(NOTE 1) 
lcHZ 


Y 
I 
laE (NOTE 1) 
laHZ 


2) 
,/ / 
VALID 
..\ \ 
\ \ \ 
-¥ / 
/ 


tOH 
I 


(NOTE 
A.,-A17 


(NOTE 
00- 07 


(DO' D,s) 


NOTES: 
1. Data becomes valid after the intervals tAA.tACEand laE from address 
input and output enable input, respectively have been met. 


2. Apply to by1e mode. Signals in parentheses apply to word mode. 


LH534600 
Device Type 
X 
Package 
-## 
SpeedL 


D 40-pin. 600-mil DIP (DIP40-P-600) 
L- 
~ 
M 44-pin.14)( 
14 mm2 QFP (QFP44-P-1414) 


N 40-pin. 525-mil SOP (SOP40-P-525) 


LH538000 
CMOS 8M (1M x 8 / 512K x 16) 
Mask-Programmable 
ROM 


• 
1,048,576 x 8 bit organization 
(Byte mode) 
524,288 x 
16 bit organization 
(Word mode) 


• 
Power consumption: 


Operating: 
275 mW (MAX.) 
Standby: 
550 IlW (MAX.) 


• 
Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
48-pin, 12 x 18 mm2 TSOP (Type I) 
64-pin, 14 x 20 mm2 QFP 


The 
LH538000 
is 
a mask-programmable 
ROM 
organized 
as 1,048.576 
x 8 bits (Byte mode) or 524,288 


x 16 bits (Word mode) 
that can be selected 
by BYTE 
input 
pin. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
technology. 


42-PIN 
DIP 
TOP 
VIEW 


A,s 
NC 


A17 
As 


A7 
Ag 


Ae 
A,o 


Ar, 
A" 


~ 
A'2 


A. 
A,. 


~ 
A,. 


A, 
A,s 


Ao 
A'6 


CE 
BYTE 


GND 
GND 


OE 
D,s/A., 


Do 
07 


Os 
0,. 


0, 
06 


D. 
0,. 


O2 
Os 


0'0 
0'2 


D. 
D. 


0" 
21 
Vcc 


538000·1 


Figure 1. Pin Connections for DIP Package 


CMOS 
8M (1M x 8 /512K 
x 16) 


LH538000 
Mask.Programmable 
ROM 


44-PINSOP 
TOP VIEW 
48·PIN TSOP (lYPE 
I) 
TOP VIEW 


NC 
NC 
BYTE [ 
1e 
GND 


A,. 
NC 
A,d 
2 
GND 


A'7 
As 
A,s[ 
3 
D,s 


A7 
Ag 
4 
~ 


As 
A,o 
5 
D,. 


As 
A" 
6 
D. 


A. 
A'2 
7 
D'3 
Ds 
A3 
A'3 
D'2 
A2 
A,. 
D. 
A, 
A,s 
Vce 
Ao 
A,. 
Vce 


CE 
BYTE 
GND 


GND 
GND 
A,. 
D" 


OE 
D,s/A., 
An 
D3 


Do 
D7 
A7 
D,o 


D. 
D,. 
D2 


D. 
D, 
D. 
D, 
D. 
D13 
D. 
D2 
Ds 
Do 
D,o 
D'2 
OE 


D3 
D. 
GND 


D" 
Vcc 
GND 


536000-,B 
538OO().1C 


Figure 3. 
Pin Connections 
for SOP Package 
Figure 4. Pin Connections 
for TSOP 
Package 


A. 


NC 


GND 


CMOS 8M (1M x 8/512K 
x 16) 
Mask-Programmable 
ROM 


BYTEJWORD 
BYTE 
SWITCHOVER 
CIRCUIT 


MEMORY 
D,. 
MATRIX 
(1,048,576 x 8) 
D'3 
(524,288 x 16) 
a: 
w 
Cl0 
a: 
() 
w 
W 
D,0 
Cl 
u.. 
u.. 


(J) 
::l 
D9 
(J) 
'" 
w 
f- 
a: 
::l 
Ds 
Cl 
ll. 


Cl 
f- 
< 
::l 
D7 
Qa: 
D. 
~ 
COLUMN SELECTOR 
() 
w-' 
w 
D. 
(J) 
~ 
D3 
Cl 
D2 


D, 


CE 
SENSE AMPLIFIER 
Do 


SIGNAL 
PIN NAME 
NOTE 


A.1 
Address 
input 
1 
(Byte 
Mode) 


k-A18 
Address 
input 


Do - D,s 
Data 
output 


CE 
Chip 
Enable 
input 


SIGNJ\L 
PIN NAME 
NOTE 


OE 
OutpUl 
Enable 
input 


BYTI~ 
Byte/word 
switch 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1, 
D,s/A.1 pin becomes LSB address input (A.,) when the bit configuration is set in byle mode, 
and data output (D'5) when in word mode. BYTE input pin selects bit configuration. 


CMOS 8M (1M x 8/512K 
x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE 
A., 
MODE 
Do· 07 
08 - 015 
SUPPLY CURRENT 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(158) 


L 
H 
X 
X 
Non selected 
High-Z 


L 
L 
H 
Inhibit 
Word 
Do - 07 
De - 0,5 
Operating 
(Icc) 
L 
L 
L 
L 
Byte 
Do - 07 
High-Z 


L 
L 
L 
H 
Byte 
De- 0,5 
High-Z 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
t. 
The maximum applicable voltage on any pin with respect to GND. 


RECOMMENDED 
OPERATING 
CONDITIONS 
(TA = 0 to +70°C) 


PARAMETER 
UNV<J 


Supply 
voltage 
=:J 


PARAMETER 
SYMBOL 
CONomONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 2.0 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 flA 
2.4 
V 


Input 
leakage 
current 
IILlI 
VIN = 0 V to Vcc 
10 
flA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V to Vcc 
10 
flA 
1 


ICC1 
tAC = 200 ns 
50 
mA 
2 


Operating 
current 
Icc2 
tAC = 1 its 
40 


Icc3 
tAC = 200 ns 
45 
mA 
3 
Icc4 
tAC = 1 ItS 
35 


Standby 
curre nt 
1581 
CE = VIH 
3 
mA 


1582 
CE = Vcc 
- 0.2 V 
100 
flA 


NOTES: 
1. 
CE IOE - V,H 
2. 
V,N - V,HN,L. 
CE - V,L, outputs open 


3. 
V,N - 01cc - 0.2 V) or 0.2 V. CE = 0.2 V, outputs open 


CMOS 8M (1M x 8 I 512K x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tAA 
200 
ns 


Chip 
enable 
time 
tACE 
200 
ns 


OUtput 
enable 
time 
tOE 
80 
ns 


OUtput 
hold 
time 
tOH 
5 
ns 


CE to output 
in High-Z 
teHZ 
70 
ns 
1 
OE to output 
in High-Z 
tOH2: 
70 
ns 


NOTE: 
1. 
This is the time required for the oUlputs 10 become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
rise/fall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL+100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


tAA(NOTE) 
\ 


tACE(NOTE) 
lcHz 
} 
toE (NOTE) 
10Hz 


IoH 


I 


/ 
" " " 
\ 
DATAVALID 
-I 
I 


A,-A,. 


(A,,- A,a> 


NOTES: 


1. Data becomes valid after the intervals tAA,lACE,and 'oE from address 
input chip enable and output enable, respectively have been mel. 


2. n Applied to byte mode. Signals in parentheses apply 10word mode. 


To stabilize 
the 
power 
supply, 
it is recommended 
that 
a high-frequElncy 
bypass 
capacitor 
be connected 
between 


the 
Vcc 
pin 
and 
GND. 


CMOS 
8M (1M x 8/512K 
x 16) 
Mask-Programmable 
ROM 


LH538000 
Device Type 
-## 
SpeedL- 20 
200 Access Time (ns) 


D 42-pin, 600-mil DIP (DIP32-P-600) 
N 44-pin, 600-mil SOP (SOP44-P-600) 
L--------<T 
48-pin, 12 x 18 mm2 TSOP (TSOP48-P-1218: Type I) 
M 64-pin, 14 x 20 mm2QFP (QFP64-P-1420) 


L- 
CMOS 8M (1M x 8 or 512K x 16) Mask Programmable ROM 


X 
Package 


LH538100 


• 
Power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
500 llW (MAX.) 


• 
Packages: 
32-pin, GOO-milDIP 
32-pin, 525-mil SOP 


• 
JEDEC standard EPROM pinout (DIP) 


DESCRIPTION 


The 
LH538100 
is 
a mask-programmable 
ROM 
organized 
as 1,048,576 
x 8 bits. 
It is fabricated 
using 
silicon-gale 
CMOS 
process 
technology. 


Fi~lure 1. Pin Connections for DIP and 
SOP Packages 


16 
Vcc 
GND 


MEMORY 
MATRIX 
(1,048,576 X8) 


SIGNAL 
PIN NAME 
NOTE 


Ao - A19 
Address input 


Do- D7 
Data output 


CE 
Chip Enable input 


NOTE: 
1. 
The active level of OEIOE is mask programmable. 


SIGNAL 
PIN NAME 
NOTE 


OEJOE 
Output Enable input 
1 


Vcc 
Power supply (+5 V) 


GND 
Ground 


CE 
OEJOE 
MODE 
Do- D7 
SUPPLY CURRENT 


H 
X 
Non selected 
High-Z 
Standby (158) 


L 
UH 
Non selected 
High-Z 
Operating (Icc) 


L 
HIL 
Selected 
DOUT 
Operating (Ice) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating temperature 
Topr 
Oto +70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Input "Low" voltage 
VIL 
-0.3 
0.8 
V 


Input "High" voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output "Low" voltage 
VOL 
10L= 2.0 mA 
0.4 
V 


Output "High" voltage 
VOH 
10H= -400 !LA 
2.4 
V 


Input leakage current 
'Ill 
I 
VIN = 0 V to Vcc 
10 
I!A 


Output leakage current 
IILO I 
VOUT= 0 V to Vcc 
10 
I!A 
1 


Icc1 
tRC = 200 ns 
50 
mA 
2 
Operating current 
Icc2 
tRC = 1 I!S 
40 


Icc3 
tRC = 200 ns 
45 
mA 
3 
Icc4 
tRC = 1 I!S 
35 


Standby current 
1581 
CE = VIH 
3 
mA 


1582 
CE = Vce - 0.2 V 
100 
I!A 


NOTES: 


1. 
CE = VIH or OEIOE 
= Vll./V" 
2. 
VIN = VIHNIL, 
CE = VIL, outputs open 
3. 
VIN - Nee - 0.2 V) or 0.2 V, CE - 0.2 V, outputs open 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tM 
200 
ns 


Chip 
enable 
time 
tACE 
200 
ns 


Output 
enable 
time 
tOE 
10 
80 
ns 


Output 
hold 
time 
tOH 
5 
ns 


CE to output 
in High-Z 
tCHZ 
70 
ns 
1 
OE to output 
in High-Z 
tOHZ 
70 
ns 


NOTE: 
t. 
This is the time required for the outputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 


Input 
capacitance 
CIN 
10 


Output 
capacitance 
COUT 
10 


CAPACITANCE 
(VCC = 5 V ± 10%, 
f = 1 MHz, TA = 25°C) 
u;; 
I 


pF 


~ 
~ 


tAA(NOTE) 


1- 


tACE(NOTE} 
IcHZ 


IoE (NOTE) 
10HZ 


IoH 
I 
,,, 
DATAVALID 
~"" 
\ \ \ 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass capacitor 
be connected 
between 
the Vcc 
pin and the GND pin. 


LH538100 
Device Type 


X 
Package 
-## 
Speed 
L- 
20 
200 
Access Time (ns) 


L-- 
--{ 
D 
32-pin, GOO-mil DIP (DIP32-P-600) 
N 
32-pin, 525 mil SOP (SOP32-P-525) 


LH538500A 


• 
1,048,576 x 8 bit organization 
(Byte mode) 
524,288 x 16 bit organization 
(Word mode) 


• 
Power consumption: 
Operating: 
275 mW (MAX.) 
Standby: 
550 IlW (MAX.) 


• 
Packages: 
42-pin, 600-mil DIP 
44-pin, 600-mil SOP 
44-pin, 14 x 14 mm2 QFP 
64-pin, 14 x 20 mm2 QFP 
48-pin, 12 x 18 mm2 TSOP I 


CMOS 8M (1M x 8 / 512K x 16) 
Mask-Programmable 
ROM 


DESCRIPTION 


The 
Lli538500A 
is a mask-programmable 
ROM 
organized 
as 1,048,576 
x 8 bits (Byte mode) or 524,288 
x 16 bits (Word mode) 
that can be selected 
by BYTE 
input 
pin. 
It is fabricated 
using 
silicon-gate 
CMOS 
process 
tHchnology. 


42-PIN 
DIP 
TOP 
VIEW 
A,. 
NC 


A17 
A. 


A7 
Ag 


As 
A,o 


As 
A" 


A. 
A12 


A3 
A13 


A2 
A1• 


A1 
A,s 


Ao 
A16 


CE 
BYTE 


GND 
GND 


OE 
D1!;lA.1 


Do 
07 


D. 
01• 


0, 
06 


D. 
013 


O2 
Os 


0'0 
012 


D. 


Vcc 


538500-1 


Figur,~ 1. Pin Connections 
for DIP Package 


CMOS 8M (1M x 8/512K 
x 16) 
Mask-Programmable 
ROM 


44-PIN SOP 
TOP VIEW 


NC 
NC 


A,. 
NC 
A17 
As 


A] 
Ag 
A,; 
A10 
As 
A" 


A... 
A'2 


A3 
A'3 
A, 
A,. 


A, 
A,s 


Ac 
A,. 


CE 
BYTE 


GND 
GND 


OE 
D,s/A_, 


Do 
0] 


D. 
0,. 


0, 
D. 


D. 
0'3 


O2 
05 


0'0 
0'2 


03 
D. 


0" 
Vcc 


538500-18 


Figure 2. 
Pin Connections 
for SOP Package 


64-PINOFP 


44-PIN OFP 
TOP VIEW 


.f J J .[ I~~~~0- J cf 


.f of .;: oi I~ ~ ~ I~ ~ cf 0 
CJ 


I~ 
" 
°z 
~ 
_ 
:: 
~ 
~ 
~ 
~ 
~ 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~ 
,-,_ , 
«« 
mzzzzzzzzzzCJOOO 


CMOS 
8M (1M x 8/512K 
x 16) 
LH538500A 
Mask-Programmable 
ROM 


48-PINTSOP-I 
TOP VIEW 


BYTE 
1. 
48 
GNO 


A,. 
2 
47 
GNO 


A1S 
3 
46 
O'S/~1 


A14 
4 
45 
0] 


A13 
5 
44 
0,• 


A'2 
6 
43 
D. 


All 
7 
42 
0'3 


AlO 
8 
41 
05 
~ 
9 
40 
0,2 


A. 
39 
D. 


NC 
38 
Vcc 


GNO 
37 
Vcc 


NC 
36 
GNO 


A,. 
35 
0" 
A17 
34 
03 


A] 
33 
010 


As 
32 
02 


As 
31 
09 


A. 
30 
0, 


A3 
29 
D. 


A2 
28 
Do 


A, 
27 
OE 


As 
26 
GNO 


CE 
25 
GNO 


538500-10 


A,S 


A'7 
A,S 


A'5 
MEMORY 
MATRIX 
A14 
(1,048,576 X8) 
A'3 
(524,288 X 16) 


A'2 
a: 
w 
All 
00 
A,O 
0 
a: 
w 
w 
0 
u. 


Ag 
u. 


en 
::> 
As 
en 
al 
w 
I- 


A7 
a: 
::> 
0 
c.. 


A<; 
0 
I- 
« 
::> 
A5 


OOCU"' 5mCoo, I 
~ 
~ 
~ 
Ds 
Ag 
0 
D5 
W 
A2 


...J 
W 
D. 
A, 
en 
~ 
Ao 
«0 


CE 
SENSE AMPLIFIER 


CMOS 8M (1M x 8 I 512K x 16) 
Mask-Programmable 
ROM 


BYTElWORD 
SWITCH OVER 
CIRCUIT 


SIGNAL 
PIN NAME 
NOTE 


A-1 
Address 
input 
(Byte 
mode) 
1 


A(J-A,s 
Address 
input 


Do - 015 
Data 
output 


CE 
Chip 
Enable 
input 


OE 
Output 
Enable 
input 


SIGNAL 
PIN NAME 
NOTE 


BYTE 
Byte/word 
switch 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
D1s/A., pin becomes LSB address input (A.,) when the bit configuration is set to by~ mode, 
and data output (D'5) when in word mode. 
BYTE input pin selects bit configuration .. 


CMOS 8M (1M x 8/512K 
x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE' 
A., 
MODE 
00- 07 
08 - 0,,, 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(lsBl 
1 
L 
H 
X 
X 
Non selected 
High-Z 
Operating 
(Iccl 


L 
L 
H 
Input 
Word 
Do - D7 
D8 - D,s 
Operating 
(Iccl 
inhibit 


L 
L 
L 
L 
Byte 
Do - D7 
High-Z 
Operating 
(Iccl 


L 
L 
L 
H 
Byte 
D8 - D,s 
High-Z 
Operating 
(Icc) 


NOTE: 
1. X-HorL 
• BYTE input Slate must be set to H or L and must not be changed during operation. 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
V,N 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto+70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable vollage on any pin with respect to GND. 


RECOMMENDED 
OPERATING 
CONDITIONS 
(TA = 0 to +70°C) 


PARAMETER 
UNVI1~ 


Supply 
voltage 
~ 


PARAMETER 
SYMBOL 
CONDITIONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
V,L 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
V,H 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
IOL = 2.0 
mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
IOH = -400 
!-LA 
2.4 
V 


Input 
leakage 
current 
IILlI 
V,N = 0 V or Vcc 
10 
!-LA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V or Vcc 
10 
!-LA 
1 


Operating 
current 
Icc, 
tRC = 150 
ns 
50 
mA 
2 
Icc2 
tRC = 1 !!s 
40 


Standby 
current 
IsB' 
CE = V,H 
3 
mA 


15B2 
CE = Vcc 
- 0.2 V 
100 
!-LA 


NOTES: 
1. 
CEJOE = V,H 


2. 
V,N = V,HN,L. 
CE = V,L, outputs open 


CMOS 
8M (1M x 8 I 512K x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read cycle time 
tRC 
150 
ns 


Address access time 
tAA 
150 
ns 


Chip enable time 
tACE 
150 
ns 


Output enable time 
tOE 
70 
ns 


Output hold time 
tOH 
5 
ns 


CE to output in High-Z 
!cHZ 
70 
ns 
1 
OE to output in High-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This 
is the 
time 
required 
for the 
outputs 
to become 
high-impedance. 


PARAMETER 
RATING 


Input voltage amplitude 
0.6 Vto 2.4 V 


Input riseltaU time 
10 ns 


Input reference level 
1.5 V 


Output reference level 
0.8 V and 2.2 V 


Output load condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input capacitance 
CIN 
10 
pF 
Output capacitance 
COUT 
10 
pF 


(NOTE 2) 
A.,-A,. 
(A,,-A,.) 


(NOTE 2) 
00- 07 


(00- 
D,S> 


NOTES: 


1. Data becomes 
valid after the intervals 
tM. lACE. and toE from address 
input and output 
enable 
input. respeclively 
have been met. 


2. Applied 
10 byte mode. Signals 
in parentheses 
applied 
in word mode. 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass 
capacitor 
be connected 
between 
the Vcc 
pin and GND. 


CMOS 
8M (1M x 8 /512K x 16) 
Mask·Programmable 
ROM 


LH538500A 
Device Type 
X 
Package 
-## 
SpeedL-15 
150 
Access Time (ns) 


D 
42-pin, 600-mil 
DIP (DIP42-P-600) 
Z 
44-pin, 14 x 14 mm2 QFP (QFP44-P-1414) 
'---------( 
M 64-pin, 14 x 20 mm2 QFP (QFP64-P-1420 
N 
44-pin, 600-mil SOP (SOP44-P-600) 
T 
48-pin, 
12 x 18 mm2 TSOP (TSOP48-P-1218) 


'-------------- 
CMOS 8M (1M x 8 or 512K x 16) Mask Programmable 
ROM 


LH5316000 
CMOS 
16M (2M x 8/ 
1M x 16) 
Mask-Programmable 
ROM 


FEATURES 
DESCRIPTION 
• 2,097,152 x 8 bit organization 
The LH5316000 is a mask-programmable 
ROM 
organized as 2,097,152 x 8 bits (Byte mode) or 
(Byte mode) 
1,048,576 x 16 bits (Word mode) that can be selected 
1,048,576 x 16 bit organization 
by an input pin. It is fabricated using silicon-gate CMOS 


(Word mode) 
process technology. 


BYTE input pin selects bit configuration 
PIN CONNECTIONS 
• 
54-PIN SDIP 
TOP VIEW 
• Access time: 
200 ns (MAX.) 
NC 
NC 
• 
Power consumption: 
NC 
A'9 


Operating: 
275 mW (MAX.) 
A. 


Ag 


Standby: 
550 IlW (MAX.) 
A,o 


Fully static operation 
A" 
• 
A,2 


TTL compatible 
I/O 
A'3 
• 
NC 


NC 
• Three-state outputs 
NC 


A3 
NC 
• Single +5 V power supply 
A,. 


A, 
A,s 
• Packages: 
Ao 
A'6 
64-pin, 750-mil SDIP 
CE 
BYTE 
64-pin, 14 x 20 mm2 QFP 
GND 
NC 


OE 
GND 
• X16 word-wide pinout 
Do 
D,s/A., 


D. 
0] 


0, 
0,. 


NC 
NC 


NC 
NC 


D. 
D. 


O2 
0'3 


0'0 
05 


03 
0'2 


0" 
D. 


NC 
NC 


NC 
NC 


NC 
NC 


GND 
Vcc 


5316000-1 


Figure 1. Pin Connections for SDIP Package 


CMOS 16M (2M x 8/1M 
x 16) 
Mask-Programmable 
ROM 


C 
C 
I~C 
C <' 
C 
C 
Z2000:!:~ 
~>ZZ~,... 
:!OOOZZ 
ClClZZZ«< 
alClClCOCZZZClCl 


CMOS 
16M (2M x 811M 
x 16) 
Mask-Programmable 
ROM 


BYTElWORD 
BYTE 
SWITCHOVER 
CIRCUIT 


MEMORY 
MATRIX 
(2,097,152 x 8) 
(1,048,576 x 16) 


SIGNAL 
PIN NAME 
NOTE 


A., 
Address 
input 
1 
(Byte 
Mode) 


Ao-A19 
Address 
input 


Do - 015 
Data 
output 


CE 
Chip 
Enable 
input 


SIGNAL 
PIN NAME 
NOTE 


OE 
Output 
Enable 
input 


BYTE~ 
Byte/word 
switch 


Vcc 
Power 
supply 
(+5 
V) 


GND 
Ground 


NOTE: 
1. 
D,s/A., pin becomes LSB address input (A.,) when the bit conroguration is set in byte mode, 
and data output (D,s) when in word mode. BYTE input pin selects bit configuration. 


CMOS 
16M (2M x 811M 
x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE 
A., 
MODE 
00- 07 
08 - 0,. 
SUPPLY CURRENT 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(IS8) 


L 
H 
X 
X 
Non se lected 
High-Z 
Operating 
(Icc) 


L 
L 
H 
Inhib~ 
Word 
Do - D7 
De - D15 
Operating 
(Icc) 


L 
L 
L 
L 
Byte 
Do - D7 
High-Z 
Operating 
(Icc) 


L 
L 
L 
H 
Byte 
Ds- 
D'5 
High-Z 
Operating 
(Icc) 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto+70 
·C 


Storage 
temperature 
Tstg 
-55 to +150 
·C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONOmONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 2.0 
mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 
!JA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V to Vcc 
10 
!JA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V to Vcc 
10 
!JA 
1 


Icc, 
tRC = 200 
ns 
50 
mA 
2 
Operating 
current 
Icc2 
tRC = 1 I.lS 
40 


Icc3 
tRC = 200 
ns 
45 
mA 
3 
Icc4 
tRC = 1 I.lS 
35 


Standby 
current 
1581 
CE = VIH 
3 
mA 


1582 
CE = Vcc 
- 0.2 V 
100 
!JA 


NOTES: 
1. 
CE IOE = VIH. 


2. 
VIN = VIHNiL. CE - VIL, outputs open. 


3. 
VIN = (Vcc - 0.2 V) or 0.2 V. CE = 0.2 V, outputs open. 


CMOS 16M (2M x 811M 
x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tAA 
200 
ns 


Chip 
enable 
time 
tACE 
200 
ns 


Output 
enable 
time 
tOE 
80 
ns 


Output 
hold 
time 
tOH 
5 
ns 


CE to output 
in High-Z 
lcHZ 
70 
ns 
1 
OE to output 
in High-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This is 1I1etime required for 1I1eoutputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL+100pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


E2) 


tM(NOTE1) 


tACE(NOTE1) 
1cHz 
t 
toE (NOTE 1) 
10Hz 


loH 


E 2) 
I 
, 
DATAVAUD 
'\c \ 
\ 
\ 
\ 
-I 
I 


(NOT 
A_,-A,. 


(Ao- A,.) 


(NOT 
00- 07 


(00- 015) 


NOTES: 
1. Oata becomes valid after the intervals tM, tACE,and toEfrom address 
input, chp enable and output enable, respectively have been met. 


2. Applies to byte mode. Signals in parentheses apply to word mode. 


To stabilize 
the 
power 
supply, 
it is recommended 
that 
a high-frequency 
bypass 
capacitor 
be connected 
between 


the Vcc pin 
and GND. 


CMOS 
16M (2M x 811M 
x 16) 
Mask-Programmable 
ROM 


LH5316000 
Device Type 


X 
Package 
-## 
Speed 
L- 20 
200 
Access Time (ns) 


D 
64-pin, 750-mil SDIP (SDIP64-P-750) 
'---------( 
M 
64-pin, 
14 x 2~0mm2 QFP (QFP64-P-1420) 


Example: 
LH5316000D-20 
(CMOS 
16M (2M x 8) Mask Programmable 
ROM, 200 ns, 64-pin, 750-mil 
SDIP) 


53160004 


LH5316500 
CMOS 16M (2M x 8/1M 
x 16) 
Mask-Programmable 
ROM 


• 
2,097,152 x 8 bit organization 
(Byte mode: BYTE = VIL) 
1,048,576 x 16 bit organization 
(Word mode: BYTE = VIH) 


• 
Power consumption: 


Operating: 
50 mA (MAX.) 
Standby: 
100 J.!A (MAX.) 


• 
Packages: 
42-pin, 600-mil DIP * 
44-pin, 600-mil SOP 
48-pin, 12 x 18 TSOP I 
64-pin, 14 x 20 mm2 QFP 


DESCRIPTION 


The 
LH5316500 
is a 16M-bit 
mask-programmable 
ROM organized 
as 2,097,152 
x 8 bits (Byte mode) or 
1,048,576 
x 16 bits (Word mode) that can be selected 
by a BYTE input pin. 
It is fabricated 
using silicon-gate 
CMOS 
process 
technology. 


It provides 
high density 
and high speed access 
in a 
variety 
of packages 
including 
small 
and thin surface 
mount technology. 


• NOTE: 
For the 42-pin DIP, pin 30 becomes LSB 
address input (A.,) when in byte mode, and data out- 
put (D,s) when in word mode. 


PIN CONNECTIONS 


42-PINDIP 
TOP VIEW 


A'8 
A'9 


Au 
A8 


A7 
Ag 


Ag 
A,o 


As 
A" 


A. 
A'2 


A3 
Au 


A2 
A,. 


A, 
A,s 


Ao 
A,. 


eE 
BYTE 


GND 
GND 


OE 
D,s/A., 


Do 
07 


08 
0,. 


0, 
D. 


D. 
0'3 


O2 
Os 


0'0 
0'2 


03 
D. 


0" 
Vcc 


5316500-1 


Figure 1. Pin Connections for DIP Package 


CMOS 
16M (2M x 811M 
x 16) 


LH5316500 
Mask-Programmable 
ROM 


44-PINSOP 
TOP VIEW 
48-PIN 
TSOP 
(TYPE I) 
TOP VIEW 


NC 
NC 


A,s 
A,g 
BYTE [ 
le 
GND 


Au 
As 
A,s 
2 
GND 


A7 
Ag 
A,s 
3 
D,s/A., 


As 
A,o 
4 
07 


As 
A" 
5 
0,. 


A. 
A,. 
6 
Os 


A3 
A'3 
7 
0'3 


A, 
A,. 
a 
Os 


A, 
A,s 
9 
0,. 


Ao 
A,s 
D. 


CE 
BYTE 
Vcc 


GND 
GND 
Vcc 


OE 
D,s/A., 
GND 


Do 
07 
0" 


Os 
0,. 
03 


0, 
Os 
0'0 


Dg 
013 
D. 


D. 
Os 
Dg 


0,0 
0,. 
0, 


03 
D. 
Os 


0" 
Vcc 
A, 
Do 


5316500-2 
A, 
OE 


Figure 2. Pin Connections 
for SOP Package 
Ao 
GND 


CE 
GND 


Figure 3. 
Pin Connections 
for TSOP Package 
(Type I) 


o 0 
I~0 0 
zzooo:':~~>ZZ 
~ ~ z z z < < < m ~ ~ 


CMOS 
16M (2M x 811M 
x 16) 
Mask.Programmable 
ROM 


MEMORY 
MATRIX 
(2,097,152 x 8) 
(1,048,576 x 16) 


SIGNAL 
PIN NAME 


A-1-A1g 
Address input 


Do- 015 
Data output 


BYTE 
S/t6-bit 
(Byte/W:>rd) mode switch input 


CE 
Chip Enable Input 


SIGNAL 
PIN NAME 


OE 
Output Enable input 


Vcc 
Power supply (+5 V) 


GND 
Ground 


NC 
No Connection 


CMOS 16M (2M x 811M 
x 16) 
Mask,Programmable 
ROM 


- 
- 
BYTE 
A.• 
DATA OUTPUT 
MODE 
ADDRESS INPUT 
SUPPLY 
CE 
OE 
(D15) 
CURRENT 
Do - D7 
D8 - D•• 
LSB 
MSB 


H 
X 
X 
X 
High-Z 
High-Z 
High-Z 
- 
- 
Standby 


L 
H 
X 
X 
High-Z 
High-Z 
- 
- 
Operating 


L 
L 
H 
Inhibit 
Do - D7 
Ds - D.5 
16-Bit 
AlJ 
A19 
Operating 


L 
L 
L 
L 
Do - D7 
High-Z 
8-Bit 
A.. 
A.9 
Operating 


L 
L 
L 
H 
Ds - D'5 
High-Z 
8-Bit 
A., 
A'9 
Operating 


NOTE: 
X - Don't Care; High-Z - High-Impedance 


PARAMETER 
SYMBOL 
RAllNG 
UNIT 


Supply voltage 
Vcc 
-0.3 to +7.0 
V 


Input voltage 
VIN 
-0.3 to Vcc + 0.3 
V 


Output voltage 
VOUT 
-0.3 to Vcc + 0.3 
V 


Operating temperature 
Topr 
Oto+70 
°C 


Storage temperature 
Tstg 
-55 to +150 
°C 


PARAMETER 


Supply voltage 


PARAMETER 
SYMBOL 
CONDIllONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 'High" voltage 
VIH 
2.2 
Vcc +0.3 
V 


Input "Low" voltage 
VIL 
-0.3 
0.8 
V 


Output "High" voltage 
VOH 
10H= -400 I!A 
2.4 
V 


Output "Low" voltage 
VOL 
10L= 2.0 mA 
0.4 
V 


Input leakage current 
IILlI 
VIN = 0 V. Vcc 
10 
I!A 


Output leakage current 
IILO I 
VOUT= 0 V, Vcc 
10 
I!A 
1 


Operating current 
Icc. 
tRC = 150 ns 
50 
mA 
2 
ICC2 
tRC = 1 J.LS 
40 


Standby current 
ISB1 
CE = VIH 
2 
mA 


ISB2 
CE = Vcc - 0.2 V 
100 
I!A 


Input capacitance 
CIN 
f = 1 MHz, tA = 25°C 
10 
pF 
Output capacitance 
COUT 
10 
pF 


NOTES: 
1. 
CE 
~ VH. OE = VH (Outputs open). 


2. 
VIN = VIHNiL, CE = VIL (TTL level). 


CMOS 16M (2M x 811M 
x 16) 
Mask·Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
150 
ns 


Address 
access 
time 
tAA 
150 
ns 


Chip 
enable 
access 
time 
tACE 
150 
ns 


Output 
enable 
time 
toE 
70 
ns 


Output 
hold 
time 
toH 
5 
ns 


Output 
floating 
time 
tCHZ 
60 
ns 
1 
tOHZ 


NOTE: 
1. 
Determined by the time for the output to be opened, irrespective of output voltage. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto2.4 
V 


Input 
riselfall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V, 2.2 V 


Output 
load 
condition 
1TTL + 100 pF 


~c 


A.,oA,. 


tAA(NOTE) 


CE 


tACe(NOTE) 
lcHZ 


OE 


toe (NOTE) 
10HZ 


toH 


00.07 
DATAVALID 


CMOS 
16M (2M x 811M 
x 16) 
Mask·Programmable 
ROM 


\ 


tAA(NOTE) 


'\ 
) 
I 
tACE(NOTE) 
IcHZ 
t 
t 


'oe(NOTE) 
10Hz 


IoH 
,,, 
\ '\ 
\ 
\ 
DATA VALID 


LH5316500 
Device Type 
X 
Package 
-## 
SpeedL 
15 
150 
Access Time (ns) 


D 
42-pin, 600-mil 
DIP (DIP42-P-600) 
N 
44-pin, 600-mil 
SOP (SOP44-P-600) 
'-------~ 
M 
64-pin, 14 x 20 rnm2 QFP (QFP64-P-1420) 
T 
48-pin, 
12 x 18 mm2TSOP 
(TSOP48-P-1218) 


CMOS 
16M (2M x 8 OR 1M x 16) Mask Programmable 
ROM 


Example: 
LH5316500D-15 
(CMOS 
16M (2M x 8) Mask-Programmable 
ROM, 150 ns, 42-pin, 
600-mil 
DIP) 


5316500-8 


LH5332000 


PRELIMINARY 


CMOS 32M (4M x 8 / 2M x 16) 


Mask-Programmable 
ROM 


• 
4,194,304 x 8 bit organization 
(Byte mode) 
2,097,152 x 16 bit organization 
(Word mode) 


DESCRIPTION 


The LH5332000 is a mask-programmable 
ROM 
organized as 4,194,304 x 8 bits (Byte mode) or 
2,097,152 x 16 bits (Word mode) that can be selected 
by input pin. It is fabricated using silicon-gate CMOS 
process technology. 


44-PINSOP 
TOP VIEW 


A20 


A,. 
A,. 


A'7 
A. 


A7 
As 


~ 
A,o 


As 
A" 


A. 
A'2 


A3 
A'3 


A2 
A,. 


A, 
A,s 


Ao 
A,. 


CE 
BYTE 


GND 
GND 


OE 
D,s/A., 


Do 
07 


D. 
0,. 


0, 
D. 


D. 
013 


O2 
05 


0'0 
0'2 


03 
D. 


0" 
Vcc 


53320()().1 


Figure 1. Pin Connections 
for SOP Package 


• 
Power consumption: 


Operating: 
275 mW (MAX.) 
Standby: 
550 JlW (MAX.) 


• 
Packages: 
44-pin, 600-mil SOP 
64-pin, 14 x 20 mm2 QFP 


CMOS 
32M (4M x 812M 
x 16) 
Mask·Programmable 
ROM 


o 
0 
~ ~ :! 0 
0 
0 
:'! 
~ I~ 
zz«<zzz«m 
o .i 
z1! 
•...o 
'1000 
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CMOS 
32M (4M x 812M 
x 16) 
Mask-Programmable 
ROM 


MEMORY 
MATRIX 
(4,194,304 x 8) 
(2,097,152 x 16) 


II: 
0,. 
WC 
II: 
8 
wu. 


w 
u. 


c 
::> 
As 
(J) 
lD~ 
As 
(J) 
::> 
w 
0.. 


II: 
~ 
A] 
c 
::> 
c 
~ 
~ 
< 


As 


OO,"M" .me,"" I 
~ 
A. 
0 
W 
...J 
A3 
W 
(J) 
A. 
~ 
A, 
<c 
Po" 


D. 


eE 
SENSE AMPLIFIER 


SIGNAL 
PIN NAME 
NOTE 


A..1 
Address 
input 
(Byte 
mode) 
1 


Ao - A20 
Address 
input 


Do· 
015 
Data 
output 


CE 
Chip 
Enable 
input 


SIGNAL 
PIN NAME 
NOTE 


OE 
Output 
Enable 
input 


BYT!~ 
Byte/word 
switch 


Vcc 
Power 
supply 
(+5 V) 


GND 
Ground 


NOTE: 
1. 
D,s/A., 
pin becomes LSB address input (A.,l when the bit confoguration is set to byte mode, 


and data output (0,5) when in word mode. 
BYTE input pin selects bit configuration. 


CMOS 32M (4M x 812M 
x 16) 
Mask-Programmable 
ROM 


CE 
OE 
BYTE • 
A., 
MODE 
Do· 07 
08 - 015 
SUPPLY CURRENT 
NOTE 


H 
X 
X 
X 
Non selected 
High-Z 
Standby 
(ls8) 
1 
L 
H 
X 
X 
Non selected 
High-Z 


L 
L 
H 
Input 
Word 
Do - D7 
De - D,5 
inhib~ 
Operating 
(Iccl 


L 
L 
L 
L 
Byte 
Do - D7 
High-Z 


L 
L 
L 
H 
Byte 
De - D'5 
High-Z 


NOTE: 
1. X-HorL 
• BYTE input stale must be set III H or L which must not be changed during operation. 


PARAMETER 
SYMBOL 
RATING 
UNIT 
NOTE 


Supply 
voltage 
Vcc 
-0.3 to +7.0 
V 


Input 
voltage 
VIN 
-0.3 to Vcc +0.3 
V 
1 


Output 
voltage 
VOUT 
-0.3 to Vcc +0.3 
V 


Operating 
temperature 
Topr 
Oto +70 
°C 


Storage 
temperature 
Tstg 
-55 to +150 
°C 


NOTE: 
1. 
The maximum applicable voltage on any pin with respect to GND. 


PARAMETER 


Supply 
voltage 


PARAMETER 
SYMBOL 
CONDmONS 
MIN. 
MAX. 
UNIT 
NOTE 


Input 
"Low" 
voltage 
VIL 
-0.3 
0.8 
V 


Input 
"High" 
voltage 
VIH 
2.2 
Vcc +0.3 
V 


Output 
"Low" 
voltage 
VOL 
10L = 2.0 mA 
0.4 
V 


Output 
"High" 
voltage 
VOH 
10H = -400 f.lA 
2.4 
V 


Input 
leakage 
current 
I III I 
VIN = 0 V or Vcc 
10 
f.lA 


Output 
leakage 
current 
IILO I 
VOUT = 0 V or Vcc 
10 
f.lA 
1 


Operating 
current 
Icc, 
tRC = 200 ns 
50 
mA 
2 
Icc2 
tRC = 1 !J.S 
40 


Standby 
current 
IS81 
CE = VIH 
2 
mA 


IS82 
CE = Vcc 
- 0.2 V 
100 
f.lA 


NOTES: 
1. 
CEJOE - VIH 
2. 
VIN - VIHNIL, CE - VIL. outputs open 


CMOS 32M (4M x 812M 
x 16) 
Mask-Programmable 
ROM 


PARAMETER 
SYMBOL 
MIN. 
MAX. 
UNIT 
NOTE 


Read 
cycle 
time 
tRC 
200 
ns 


Address 
access 
time 
tAA 
200 
ns 


Chip 
enable 
time 
tACE 
200 
ns 


Output 
enable 
time 
tOE 
80 
ns 


Output 
hold 
time 
toH 
5 
ns 


CE to output 
in High-Z 
IcHZ 
70 
ns 
1 
OE to output 
in Hlgh-Z 
tOHZ 
70 
ns 


NOTE: 
1. 
This is the time required for the outputs to become high-impedance. 


PARAMETER 
RATING 


Input 
voltage 
amplitude 
0.6 Vto 
2.4 V 


Input 
risellall 
time 
10 ns 


Input 
reference 
level 
1.5 V 


Output 
reference 
level 
0.8 V and 2.2 V 


Output 
load 
condition 
1TTL +100 pF 


PARAMETER 
SYMBOL 
MIN. 
TYP. 
MAX. 
UNIT 


Input 
capacitance 
CIN 
10 
pF 


Output 
capacitance 
COUT 
10 
pF 


(NOTE 
A.,-A,o 


(Ao-A,o) 


2) 


tM(NOTE 1) 
I 


tACE(NOTE1) 
I 
lcHz 
\ 
f 
I 
toE (NOTE 1) 
toHZ 


toH 
2) 
I 


/ 
DATAVALID 
'1.'\ 
\ \ 
-1 
I 


NOTES: 
1. Data becomes valid after the intervals tM• tACE'and toEfrom address 
input and output enable input, respectively have been mel. 


2. Applied to byte mode. Signals in parentheses applied in word mode. 


To stabilize 
the power supply, it is recommended 
that a high-frequency 
bypass 
capacitor 
be connected 
between 
the Vcc pin and GND. 


CMOS 
32M (4M x 8 I 2M x 16) 
Mask·Programmable 
ROM 


LH5332000 
Device Type 
X 
Package 
- ## 
Speed 
L- 20 
200 
Access Time (ns) 


L..- 
---{ 
M 
64-pin, 14 x 20 mm2OFP (OFP64-P-1420) 


N 44-pin, 600-mil SOP (SOP44-P-600) 


GENERAL INFORMATION 
- 1 I 


PSEUDO-STATIC 
RAMs - 2 I 


STATIC RAMs - 3 I 


MASK-PROGRAMMABLE 
ROMS - 4 I 


FIFO MEMORIES 
- 5 


I 
APPLICATION 
NOTES AND CONFERENCE 
PAPERS - 6 I 


PACKAGING - 7 I 


FIFO MEMORIES 


Organization 
Page 


LH5481/91 
64 x 8/64 x 9 
5-2 


LH5496 
512 x 9 
5-16 


LH5497 
1K x 9 
5-31 


LH5498 
2K x 9 
5-46 


LH5499 
4K x 9 
5-61 


LH5492 
4K x 9 
5-76 


LH5493 
4K x 9 
5-94 


LH5494 
4K x 9 
5-110 


LH5420 
256 x 36 x 2 
5-125 


LH540201/02 
512x9/1Kx9 
5-160 


LH540203 
2K x 9 
5-176 


LH540204 
4K x 9 
5-192 


LH540205 
8K x 9 
5-208 


LH540206 
16K x 9 
5-224 


LH540215/25 
512 x 18/1K x 18 
5-226 


LH543620 
1K x 36 
5-255 


LH5481 
LH5491 
Cascadable 
64 x 8 FIFO 
Cascadable 
64 x 9 FIFO 


• 
Fastest 64 x 8/9 Cascadable FIFO 
35/25/15 
MHz 


• 
Expandable in Word Width and 
FIFO Depth 


• 
Almost-FuIl/Almost-Empty 
and 
Half-Full Flags 


• 
Fully Independent Asynchronous 
Inputs and Outputs 


• 
LH5481 Output Enable forces Data 
Outputs to High-Impedance State 


• 
Pin-Compatible Replacements for 
Cypress CY7C408A109A or Logic Devices 
L8C408/09 
FIFOs 


• 
Industry Standard Pinout 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin PLCC 


The LH5481 and LH5491 are high-performance, 
asyn- 
chronous 
First-In, First-Out 
(FIFO) memories 
organized 
64 words deep by eight or nine bits wide. The eight-bit 
LH5481 has an Output Enable (OE) function, which can 
be used to force the eight data outputs (DO) to a high-im- 
pedance state. The LH5491 has nine data outputs. 


These FIFOs accept eight or nine-bit data at the Data 
Inputs (01). A Shift In (SI) signal writes the 01 data into the 
FIFO. A Shift Out (SO) signal shifts stored data to the Data 
Outputs 
(DO). The Output 
Ready (OR) signal indicates 
when valid data is present on the DO outputs. 


If the FIFO is full and unable to accept more 01 data, 


Input Ready (IR) will not return HIGH, and SI pulses will 
be ignored. If the FIFO is empty and unable to shift data 
to the DO outputs, OR will not return HIGH, and SO pulses 
will be ignored. The Almost-FuIl/Almost-Empty 
(AFE) flag 
is asserted (HIGH) when the FIFO is almost-full (56 words 
or more) 
or almost- 
empty 
(eight words 
or less). The 
Half-Full 
(HF) flag is asserted 
(HIGH) 
when 
the FIFO 
contains 32 words or more. 


Reading and writing operations may beasynchronous, 
allowing 
these 
FIFOs 
to be used 
as buffers 
between 
digital machines 
of different 
operating 
frequencies. 
The 
high speed makes these FIFOs ideal for high perform- 
ance communication 
and controller 
applications. 


AFE 


HF 


IR 


Sl 


010 


01, 


Vss 


012 


013 


01. 


015 


01. 


017 


NCIDI. 


..!:P..!::"-o 
o 
0 e 
fil 
~ 10 


(LH5491) 010 - 018 


(LH5481) 010 - 017 
D08 
(LH5491) 


OE 
(LH5481) 


PIN 
PIN TYPE * 
DESCRIPTION 


010-017 
I 
Data Inputs, LH5481 


000 - 007 
01Z 
Data Outputs, LH5481 


Olo-Ole 
I 
Data Inputs, LH5491 


OOo-OOe 
0 
Data Outputs, LH5491 


SI 
I 
Shift In 


SO 
I 
Shift Out 


IR 
0 
Input Ready 


OR 
0 
Output Ready 


PIN 
PIN TYPE * 
DESCRIPTION 


HF 
0 
Half-Full 
Flag 


AFE 
0 
Almost-Full! 
Almost- 
Empty 


MR 
I 
Master Reset 


OE 
I 
Output Enable 
(LH5481 only) 


Vcc 
V 
Positive Power Supply 


Vss 
V 
Ground 


PARAMETER 
BATING 


Vcc Range 
-0.5 
V to 7 V 


Input Voltage Range 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 3 
±40 
mA 


Storage Temperature 
-65°C 
to 1SOoC 


DC Voltage Applied To Outputs In High-Z state 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


Static Discharge 
Voltage 4 
> 2000 V 


Power Dissipation 
(Package 
Limit) 
1.0W 


NOTES: 
1. 
Ai voltages are measured with respect to Vss. 


2. 
Slresses grea1er than those lis1edunder "Absolute Maximum Ratings" may cause permanent damage to the device. This is a slress rating for 
lransient conditions only. Functional operation of the device at these or any other conditions above those indic:a1edin the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions lor eX1endedperiods may affect device reliability. 
3. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted atany time. 


4. 
Sample tested only. 


PARAMETER 
DESCRIPTION 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0.0 
70 
°C 


VCC 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Ground 
0.0 
0.0 
V 


VIL 
Input Low Voltage (Logic "0") 2 
-0.5 
0.8 
V 


VIH 
Input High Voltage (Logic "1") 
2.0 
Vcc + 0.5 
V 


NOTES: 
1. 
All voltages are measured with respect to Vss. 


2. 
FIFO inputs are able to withstand a -1.5 V undershoot for less than 10 ns per cycle. 


PARAMETER 
DESCRIPTION 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
VCC = 5.5 V. VIN " 0 V to Vcc 
-10 
10 
J,1A 


ILO 
Output Leakage Current (High-Z) 
Vcc = 5.5 V. VOUT= 0 V to Vcc 
-10 
10 
J,1A 


VOH 
Output High Voltage 
Vcc = 4.5 V. IOH" -4 
mA 
2.4 
V 


VOL 
Output Low Voltage 
Vcc = 4.5 V. IOL =. 8.0 mA 
0.4 
V 


Iceo 
Power Supply Quiescent 
Current 
Vcc = 5.5 V, lOUT= 0 mA 
25 
mA 
VIN $ VIL, VIN ~ VIH 


Ice 
Power Supply Current 2 
fsi = 35M Hz. fso =. 35MHz 
45 
mA 


NOTES: 
1. 
AUvoltages are measured with respect to Vss. 
2. 
Icc is dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
o to 3 V 


Input Rise and Fall Times (10% / 90%) 
Figure 4a 


Input Timing Reference 
Levels 
1.5 V 


Output Timing Reference 
Levels 
1.5 V 


Output Load for AC Timing Tests 
Figure 4b 


NOTE: 
1. 
All voltages are measured with respect to Vss. 


PARAMETER 
DESCRIPTION 
TEST CONDmONS 
RATING 


CIN 
Input Capacitance 
TA = 25°C. f = 1MHz, Vcc = 4.5 V 
5 pF 


COUT 
Output Capacitance 
TA = 25°C, f = 1MHz. Vcc = 4.5 V 
7 pF 


NOTES: 
1. 
All voltages are measuted with respect to Vss. 
2. 
Sample tested only. 


DEVICE 
167 OHMS 


UNDERT::: 1.73 V 
TEST 
CL ~ 30 pF· 
I 


SYMBOL 
PARAMETER 
15MH;E 
25MHz 
35MHz 
UNITS 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fo 
Operating 
Frequency 
2 
15 
25 
35 
MHz 


tPHSI 
SI HIGH lime 
3,8 
15 
11 
9 
ns 


tPLSI 
SI LOW lime 
3,8 
20 
18 
17 
ns 


tssl 
Data Setup to SI4 
-1 
-1 
-1 
ns 


tHSI 
Data Hold from SI4 
14 
12 
10 
ns 


tOUR 
Delay, SI HIGH to IR LOW 
20 
18 
16 
ns 


tCHIR 
Delay, SI LOW to IR HIGH 
24 
20 
18 
ns 


tPHSO 
SO HIGH lime 
3 
15 
11 
9 
ns 


tPLSO 
SO LOWlime3 
20 
18 
17 
ns 


tOLOR 
Delay, SO HIGH to OR LOW 
20 
18 
16 
ns 


tCHOR 
Delay, SO LOW to OR HIGH 
24 
20 
18 
ns 


lsoR 
Data Setup to OR HIGH 
-1 
-1 
-1 
ns 


tHSO 
Data Hold from SO LOW 
0 
0 
0 
ns 


tFT 
Fallthrough 
lime 
36 
34 
30 
ns 


tST 
Bubblethrough 
lime 
28 
26 
25 
ns 


IsIR 
Data Setup to IR 5 
5 
5 
5 
ns 


tHIR 
Data Hold from IR5 
5 
5 
5 
ns 


tPIR 
Input Ready 
Pulse HIGH 8 
7 
7 
7 
ns 


tPOR 
OUtput Ready 
Pulse HIGH 8 
7 
7 
7 
ns 


tOUOE 
OE LOW to LOW Z (LH5481) 
6,9 
35 
30 
25 
ns 


tOHZOE 
OE HIGH to HIGH Z (LH5481) 
6,9 
35 
30 
25 
ns 


tOHHF 
SI LOW to HF HIGH 
40 
40 
36 
ns 


tOLHF 
SO LOW to HF LOW 
40 
40 
36 
ns 


tOLAFE 
SO or SI LOW to AFE LOW 
40 
40 
36 
ns 


tCHAFE 
SO or SI LOW to AFE HIGH 
40 
40 
36 
ns 


tPMR 
MR Pulse Width 
35 
35 
35 
ns 


tOSI 
MR HIGH to SI HIGH 
25 
25 
22 
ns 


tOCR 
MR LOW to OR LOW 7 
25 
25 
20 
ns 


tClR 
MR LOW to IR HIGH 7 
25 
25 
20 
ns 


tLXMR 
MR LOW to Output 
LOW 7 
25 
25 
20 
ns 


tAFE 
MR LOWtoAFE 
HIGH 
30 
30 
30 
ns 


tHF 
MR LOW to HF LOW 
30 
30 
30 
ns 


too 
SO LOW to Next Data Out Valid 
26 
22 
20 
ns 


NOTES: 
1. 
All time measurements performed at" AC Test Conditions". 


2. 
fo - fSI- fso. 


3. 
!l>HSI+ lpLSI~ lpHSO+ lpLSO- Ilfo. 


4 
tssl and IHsl apply when memory is not full. 


5. 
islA and IHIRapply when memory is full and SI is HIGH. 


6. 
High-Z transitions are referenced to the steady-state VOH- 500 mV and VOL+ 500 mV levels on !he output. 


7. 
After reset goes LOW, all Data outputs will be at LOW level, IR goes HIGH and OR goes LOW. 


8. 
Common dash number devices are guaranteed by design to function properly in a cascaded confllluration. 


9. 
Sample tested only. 


OPERATIONAL DESCRIPTION 


Unlike 
earlier 
versions 
of FIFOs, 
the 
LH5481 
and 
LH5491 
use dual-port 
Random-Access-Memory, 
write 
and read pointers, 
and special 
control 
logic. The write 
pointer is incremented 
by the falling edge of the Shift In 
(SI) signal, while the read pointer is incremented 
by the 
falling edge of the Shift Out (SO) signal. The Input Ready 
(IR) signal enables data writing to the FIFO. The Output 
Ready 
(OR) signal 
indicates 
valid 
read information 
is 
available on the Data Output (DO) pins. 


Resetting 
The FIFO 


The FIFO must be reset, upon power-up, 
using the 
Master Reset (MR) signal. This causes the FIFO to enter 
an empty state, indicated by the Output Ready (OR) being 
LOW and Input Ready (IR) being HIGH. All Data Output 
(DO) pins will be LOW in this state. The AFE flag will be 
HIGH, and the HF flag will be LOW. 


If Shift In (SI) is HIGH, when the Master Reset (MR) 
signal is ended, then the data on the Data Input (01) pins 
will be written 
into the FIFO, and Input Ready (IR) will 
return LOW until Shift In (SI) is brought LOW. 


If Shift In (SI) is LOW when the Master Reset (MR) is 
deasserted, 
then Input Ready (IR) goes HIGH, but the 
data on the Data Input (01) pins does not enter the FIFO 
until Shift In (SI) goes HIGH. 


Shifting 
Data In 


Data Input (01) is shifted 
into the FIFO on the rising 
edge of Shift In (SI). This loads input data into the FIFO, 
and causes Input Ready (IR) to go LOW. When a falling 
edge of Shift In (SI) occurs,the 
write pointer increments 
to the next word 
position, 
and Input Ready 
(IR) goes 
HIGH, indicating 
that the FIFO is ready to accept new 
data. When 
the FIFO is full, Input Ready (IR) remains 
LOW after the negative edge of Shift In (SI) signal; Shift 
Out (SO) action is required to unload a word of data and 
bring Input Ready (IR) HIGH. (See 'Bubblethrough 
Con- 


dition'description.) 


Shifting 
Data Out 


Data is shifted out of the FIFO on the falling edge of 
Shift Out (SO). The read pointer increments 
to the next 


word location; FIFO data, if present, appears on the Data 
Output (DO) pins; and the Output Ready (OR) signal goes 
HIGH. If FIFO data is not present, 
Output 
Ready (OR) 
stays LOW, indicating that the FIFO is empty; in this case, 
the last valid data read from the FIFO remains on the Data 
Output (00) 
pins. When the FIFO is not empty, Output 
Ready (OR) goes LOW after the rising edge of Shift Out 
(SO). The previous data remains on the Data Output (DO) 
pins until a falling edge of Shift Out (SO). 


Fallthrough 
Condition 


When the FIFO is empty, a data word entering through 
the Shift In (SI) action follows one of two sequences. 


If Shift Out (SO) is LOW, the data propagates 
to the 
Data Output 
(00) 
pins; and Output 
Ready 
(OR) goes 
HIGH and stays HIGH until the next rising edge of Shift 
Out (SO). 


If Shift Out (SO) is held HIGH while data is shifted into 
an empty FIFO as occurs in depth cascading 
of FIFOs, 


data propagates to the Data Output (00) 
pins, and Output 
Ready (OR) pulses HIGH for a minimum 
time duration 
specified 
by tPOR and then goes back LOW again. The 
stored word remains 
on the Data Output 
(00) 
pins. If 
more words are written into the FIFO, they line up behind 
the first word, and do not appear on the Data Output (DO) 
pins until Shift Out (SO) has returned LOW. 


Bubblelhrough 
Condition 


When the FIFO is full, Shift Out (SO) action initiates 
one of the following two sequences: 


If Shift In (SI) is LOW, Input Ready (IR) goes HIGH and 
stays HIGH until the next rising edge of Shift In (SI). 


If Shift In (SI) is held HIGH while data is shifted out of 
a full FIFO, as occurs in depth cascading 
of FIFOs, Input 
Ready 
(IR) pulses 
HIGH for a minimum 
time duration 
specified by tPIR,and then goes back LOW again. Special 
Data 
Input 
(01) 
setup 
and 
hold times 
(tsiR and tHIR, 


respectively) 
are defined for this condition. 


xxxxxxx~__ 


AFE 


•• NOTE: 
FIFO Contains 9 Words 


HF 
J 


••• NOTE: 
FIFO Contains 31 Words 


5481·7 


Figure 
7. 
Data In Timing 


1/fo 
1/fo 


SHIFT OUT 


IpHSO 


OUTPUT READY 


IHSO 


DATA OUT 


100 


HF 
J 
IOLHF 


AFE 
(LOW) 


•••• NOTE: 
FIFO Contains 32 Words 
5481-8 


Figure 
8. 
Data Out Timing 
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IR 
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n- 
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OR 
SI 
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D0. - 
- 
01. 
DO. 
01. 
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Figure 
16. 
320 x 24/27 Configuration 
Using 
64 x 8/9 (LH5481/91) 
& 256 x 8/9 (LH5485/95) 
FIFOs 


HF/AFE 
SHIFT IN 
INPUT READY 
- 
51 
OR 
51 
OR 


IR 
SO 
IR 
SO 


010 
000 
010 
000 
011 
001 
011 
D0, 


012 
64 X 8/9 
0°2 
012 256 X 8/9 
0°2 
013 
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013 
003 
01. 
D0. 
01. 
D0. 


01, 
DO, 
01, 
D0, 


016 
006 
016 
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0°7 
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018 
MR 
008 
018 
MR 
008 
I 
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FIFOs are expandable 
in depth and width. However, 
in forming 
wider 
words. 
external 
logic 
is required 
to 
generate co mposite Input Ready and Output Ready flags. 
This is due to the variation 
of delays of the FIFOs. For 
example, the circuit of Figure 16 uses simple AND gates 
as the external 
IR and OR generators. 
More complex 
logic may be required 
if fallthrough 
and bubblethrough 
pulses are needed by the external system. 


FIFOs can be easily cascaded 
to any desired depth, 
as illustrated in Figure 17. The handshaking 
and associ- 
ated timing between the FIFOs are handled by the inher- 
ent timing of the devices. 


NOTES: 
1. 
When the memory is empty, the last word read remains on the out- 
puts until Master Reset is strobed, or a new data word bubbles 
through to the output. However, OR remains LOW, indicating 
that the data word at the output is not valid. 


2. 
When the output data word changes as a result of a pulse on SO, 
the on signal always goes LOW before the output data word 
changes and stays LOW until a new data word has appeared at 
the outputs. Anytime OR is HIGH, there is valid stable data on 
the outputs. 


3. 
All SHARP FIFOs can be cascaded with other SHARP FIFOs of 
the same architecture (Le., 64 x 8/9 with 64 x 8/9). However, 
they may not cascade with FIFOs from other manufacturers. 


LH#### 
Device Type 
X 
Package 


-## 


Speeyd 
15 
25 
35 


D 
28-pin, 300-mil DIP (DIP28-P-300) 
'---------< 
U 
28-pin Plastic Leaded Chip Carrier (PLCC28-P-S450) 


L..- 
--< 5481 
64 x 8 FIFO 
5491 
64 x 9 FIFO 


Examples: 
LH5481 D-25 (64 x 8 FIFO, 28-pin, 300-mil DIP, 25 MHz) 
LH5491 U-35 (64 x 9 FIFO, 28-pin PLCC, 35 MHz) 


LH5496 
CMOS 512 x 9 FIFO 


PIN CONNECTIONS 


28-PIN POIP 
TOP VIEW 
Iii 
VCC 


08 
D. 


03 
05 


O2 
06 


0, 
07 


DO 
FURT 


Xi 
RS 


FF 
EF 
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Figure 
1. 
Pin Connections 
for PDIP Package 


• 
Fast Access Times: 
15/20/25/35/50/65/80 ns 


• 
Full CMOS Dual Port Memory Array 


• 
Fully Asynchronous Read and Write 


• 
Expandable-in Width and Depth 


• 
Full, Half-Full, and Empty Status Flags 


• 
Read Retransmit Capability 


• 
TTL Compatible I/O 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 


• 
Pin and Functionally Compatible 
with IDT7201 


The 
LH5496 
is a dual 
port 
memory 
with 
internal 
addressing 
to implement 
a First-In, First-Out 
algorithm. 


Through 
an advanced 
dual port architecture, 
it provides 
fully asynchronous 
read/write operation. Empty, FUll, and 
Half-Full status flags are provided 
to prevent data over- 
flow and underflow. In addition, internal logic provides for 
unlimited expansion 
in both word size and depth. 


Read 
and 
write 
operations 
automatically 
access 
sequential 
locations in memory in that data is read out in 
the same order that it was written, that is on a First-In, 
First-Out basis. Since the address sequence 
is internally 
predefined, 
no external 
address 
information 
is required 
for the operation of this device. A ninth data bit is provided 
for parity or control information 
often needed in commu- 


nication applications. 


Empty, 
FUll, and 
Half-Full 
status 
flags 
monitor 
the 
extent to which data has been written into the FIFO, and 
prevent 
improper 
operations 
(i.e., Read if the FIFO is 
empty, or Write if the FIFO is fUll). A retransmit 
feature 
resets 
the 
Read address 
pointer 
to its initial position, 


thereby 
allowing 
repetitive 
readout 
of the same 
data. 


Expansion 
In and 
Expansion 
Out 
pins 
implement 
an 
expansion 
scheme 
that allows 
individual 
FIFOs to be 
cascaded 
to greater 
depth without 
incurring 
additional 
latency (bubblethrough) 
delays. 
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Figure 
2. 
Pin Connections 
for PLCC Package 


RS 
J__ 
R_E_S_E_T_ 
I 
LOGIC 


PIN 
PIN TYPE· 
DESCRIPTION 
00-08 
I 
Input Data Bus 


Qo-Os 
O/Z 
Output Data Bus 


W 
I 
Write Request 


R 
I 
Read Request 


EF 
0 
Empty Flag 


FF 
0 
Full Flag 


PIN 
PIN TYPE • 
DESCRIPTION 


XO/HF 
0 
Expansion 
OuVHalf-Full 
Flag 


XI 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supply 


Vss 
V 
Ground 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
Vto 7 V 


Signal Pin Voltage to Vss Potential 3 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 2 
+50mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied To Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a device stress rat- 
ing for transient conditions only. Functional operation at these or any other conditions above those indicated in the "Operating Range" of this 
specification is not imp6ed. Exposure to absolute maximum rating conditions lor exlanded periods may affect re6abi6ly. 


2. 
Outputs should not be shorled lor more than 30 seconds. No more than one output should be shorted at any time. 


3. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


lu 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
l!A 


ILO 
Output Leakage Current 
R~ VIH, 0 V ~ Vour 
~VCG 
-10 
10 
l!A 


VOH 
Output High Voltage 
IOH=-2.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


Ice 
Average Supply Current 1 
Measured 
at f = 40 MHz 
100 
mA 


ICC2 
Average Standby Current 
1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 1 
All Inputs = Vcc - 0.2 V 
5 
mA 


NOTE: 
1. 
Ice. Ice2. and Icc3 are dependent upon actual output loading and cycle ralas. Specifed values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing 
Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 4 


1.lkOHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample lesled only. 


2. 
Capacitances are maximum values a125°C measured al1.0MHz with VIN- 0 V. 


SYMBOL 
PARAMETER 
I IA = 15 nsl 
IA = 20 nsl 
IA = 25 ns 
IA = 35 nsl 
IA = 50 nsl 
IA = 65 nsl 
IA = 80 ns 
1 UNIT 
I MIN 
MIN IMAXI 
IMAXI 
I MAX I 


READ CYCLE 
TIMING 


tAC 
Read Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tA 
Access 
Time 
- 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tAA 
Read Recover 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tALZ 
Data Bus Active from 
Read LOW 3 
5 
- 
5 
- 
5 
_. 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


tWLZ 
Data Bus Active from Write 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 
HIGH 3,4 


tov 
Data Vaid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


tAHZ 
Data Bus High-Zfrom 
Read 
- 
15 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 
HIGH3 


WRITE 
CYCLE 
TIMING 


twc 
Write Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


twpw 
Write Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWA 
Write Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setup Time 
10 
- 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold Time 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET TIMING 


tASC 
Reset Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tAS 
Reset 
Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tASA 
Reset Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tAASS 
Read HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWASS 
Write HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


RETRANSMIT 
TIMING 


tATC 
Retransmit 
Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tAT 
Retransmit 
Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tATA 
Retransmit 
Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG TIMING 


tEFL 
Reset LOW to Emptv 
FlaQ LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset LOW to Hal-Full 
and Full 
- 
25 
- 
30 
- 
35 
- 
45 
65 
80 
100 
FlaQs HIGH 
- 
- 
- 
ns 


tAEF 
Read LOW to Emotv 
FlaQ LOW 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tAFF 
Read HIGH to Full FlaQ HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Empty 
Flag HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flag LOW 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWHF 
Write LOW to Half-Full 
Flag LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tRHF 
Read HIGH to Hal-Full 
Flag HIGH 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


EXPANSION 
TIMING 


tXOL 
Expansion 
OUt LOW 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
OUt HIGH 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


IXI 
Expansion 
In Pulse Width 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


IXIA 
Expansion 
In Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


IXIS 
Expansion 
in Setup Time 
7 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
1. 
All timing measurements performed at" AC Test Condition" levels. 


2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values guaranteed by design not currenlly tested. 


4. 
Only applies 10 read data flow-through mode. 


Reset 


The device 
is reset whenever 
the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine 
whether 
the device 
is in Single 
mode or 
Depth Expansion 
mode. A reset pulse is r~uired 
when 
the device is first powered 
up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state tRPWand twpw before 
the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data 
in (Do - 
08) pins. A write 
operation 
is only 
possible 
if the FIFO is not full, (i.e. the Full flag pin is 
HIGH). Writes may occur independently 
of any ongoing 
read opertations. 


At the falling edge of the first write after the memory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted 
until the difference between the 
write pointer and read pointer indicates that the remaining 
data in the device is less than or equal toone half the total 
~city 
of the FIFO. The 
Half-Full 
flag is d~sserted 
(HF = HIGH) by the appropriate 
rising edge of R. 


The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes 
until cleared 
by a valid 
read. The 
Full flag 
is 
deasserted 
(FF = HIGH) after the next rising edge of R 
releases another memory location. 


Read 


A read cycle is initiated on the falling edge of the Read 
{R) pin. Read data becomes valid on the data out (00-08) 
pins after a time fA from the falling edgeofR. 
After R goes 
HIGH, the data out pins return to a high-impedance 
state. 


Reads 
may 
occur 
independent 
of any ongoing 
write 
o~rations. 
A read is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive 
read opera- 
tions will access data in the same order as it was written. 
The Empty flag is asserted 
(EF = LOW) after the falling 
edge of R which accesses 
the last available 
data in the 
FIFO memory. EF is de asserted 
(EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through 
mode occurs when the Read (R) 
pin is brought 
LOW while the FIFO is empty, and held 
LOW in antcipation 
of a write cycle. At the end of the next 
write cycle, 
the Empty 
flag will be momentarily 
deas- 
serted, and the data just written will become available on 
the data out pins after a maximum 
time of twEF + fA. 


Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows 
through 
to the 
outputs. Additional 
data, if any, can only be accessed by 
toggling R. 


Write flow-through 
mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily 
deasserted, 
but then 
immediately 
reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF -I- twpw after the read. 


Retransmit 


The FIFO can be made to reread previously 
read data 
through the retransmit function. Retransmit 
is initiated by 
pulsing 
RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving 
the internal 
write 
address 
pointer 
unchanged. 


Data between the read and write poi~ers 
m~ 
be reac- 
cessed 
by subsequent 
reads. 
Both Rand 
W must be 
inactive (HIGH) during the retransmit 
pulse. Retransmit 
is useful if no more than 512 writes 
are performed 
be- 


tween resets. Retransmit may affectthe 
status of EF, HF, 


and FF flags, depending 
on the relocation 
of the read 
pointer. This function is not available 
in depth expansion 
mode. 


IFFH 
IHFH 
!IIlIZlZI-L~//IITfl/lflfl;J----- 


NOTES: 


1. ~sc = ~s + ~SR' 
2. Viand R ~ V1H around the rising edge of RS. 


we 


lwpw 
IWR 
I 


los 
10H 


VALID DATA IN 
-( 
VALID DATA IN 


LAST READ 
FIRST WRITE 


\ 
I 
tREF 
tWEF 


Do - OS XXXXXXXXX 
VALID 
DATA IN X XXXXXXXXXXXXXXXXXXX 


NOTES: 
1. lwPF = lwPw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 


\------------t 


NOTES: 
1. ~PE 
-~PW 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 


\----C ~IFF 


NOTES: 
1. lwPF = lwPw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 


tRT 
-{-- 
--t.~RTR 
------l_~/- 
R.W 


NOTES: 
1. tATe = ~T+ 
tATA 
2.8'. 
HF and FF may change state during retransmit, but flags will be valid at ~TC' 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
1 
,~OOAmN 1 


j 
~ 
'~}- 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


OPERATIONAL MODES 


Single Device Configuration 


When depth expansion 
is not required 
for the given 
application, 
the deviceJs 
placed in Single mode by tying 
the Expansion 
In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple LH5496 devices in parallel. Each LH5496 should be 
configured for standalone 
mode. In this arrangement, 
the 
behavior of the status flags is identical for all devices; so, 
in principlE!, a representative 
value for each of these flags 
could be derived 
from anyone 
device. 
In practice, 
it is 
better 
to derive 
'composite' 
flag values 
using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 
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Figure 17. 
Single FIFO (512 x 9) 
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OPERATIONAL MODES (cont'd) 


Depth Expansion 


Depth expansion 
is implemented 
by configuring 
the 
required 
number 
of FIFOs 
in Expansion 
mode. 
In this 
arrangement. 
the FIFOs are connected 
in a circu lar fash- 
ion with the Expansion 
Out pin (XO) of each device tied 
to the Expansion 
In pin (XI) of the next device. 
One FIFO 
in this group must be designated 
as the first load device. 
This is accomplished 
by tying the First Load pin (FL) of 
this device to ground. 
All other devices 
must have their 
FL pin tied to a high level. In this mode. W and R signals 


W 


DATA IN 


are shared by all devices, while internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle. so the common 
Data Out pins of all 
devices are wire-ORed 
together. Likewise. 
the common 
Data In pins of all devices are tied together. 


In Expansion 
mode, external logic is required to gen- 
erate a composite 
Full or Empty flag. This is achieved by 
ORing the FF pins of all devices and ORing the EF pins 
of 
all 
devices 
respectively. 
The 
Half-Full 
flag 
and 
Retransmit 
functions 
are not available 
in Depth Expan- 
sion mode. 


R 


DATA OUT 


OPERATIONAL MODES (cont'd) 


Compound 
Expansion 


A combination 
of width and depth expansion 
can be 
easily 
implemented 
by 
operating 
groups 
of depth 
expanded 
FIFOs in parallel. 


Bidirectional 
Operation 


Applications 
which require bidirectional 
data buffering 
between 
two 
systems 
can 
be 
realized 
by operating 


LH5496 devices 
in parallel but opposite 
directions. 
The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read. write. 


and flag signals are routed to each system. 
Both depth 
and width llxpansion 
may be used in this configuration. 


LH5496 
DEPTH EXPANSION 
BLOCK 


LH5496 
DEPTH EXPANSION 
~ 
BLOCK 


LH5496 
DEPTH EXPANSION 
BLOCK 


. 


LH5496 
. 


DaO-B 
QbO-B 


i_oXI 
- 


QaO-B 
DbO-B 


LH5496 
. 


-LXI 


s;.. [~'o""",,e("'1 
50 
65 
80 


r~lank 
28-pin, 600-mil DIP (DIP28-P-600) 
L--------(D 
28-pin, 300-mil DIP (DIP28-P-300) 
lu 
32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 
L- 
CMOS 512 x 9 FIFO 


Example: 
LH5496U-25 (CMOS 512 x 9 FIFO. 32-pin PLCC.25 ns) 


LH5496 
Device Type 
X 
Package 


LH5497 


• 
Fast Access Times: 
15/20/25/35/50/65/80 ns 


• 
Full CMOS Dual Port Memory Array 


• 
Fully Asynchronous Read and Write 


• 
Expandable in Width and Depth 


• 
Full, Half-Full, and Empty Status Flags 


• 
Read Retransmit Capability 


• 
TTL Compatible I/O 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 


• 
Pin and Functionally Compatible 
with IDT7202 


The LH5497 
is a dual port memory with internal ad- 
dressing 
to implement 
a First-In, 
First-Out 
algorithm. 


Through 
an advanced 
dual port architecture, 
it provides 
fully asynchronous 
readlwrite 
operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. 
In addition, internal logic is provided 
for unlimited expansion 
in both word size and depth. 


Read and Write operations 
automatically 
access se- 


quential 
locations 
in memory 
in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out 
basis. Since the address sequence 
is 
internally predefined, 
no external address information 
is 
required for the operation 
of this device. 
A ninth data bit 
is provided for parity or control information 
often needed 
in communication 
applications. 


Empty, 
Full, and 
Half-Full 
status 
flags 
monitor 
the 
extent to which data has been written into the FIFO, and 
prevent 
improper 
operations 
(Le. Read 
if the FIFO 
is 
empty, or Write if the FIFO is full). A retransmit 
feature 
resets the 
Read address 
pointer 
to its initial position, 


thereby 
allowing 
repetitive 
readout 
of the same 
data. 


Expansion 
In and 
Expansion 
Out 
pins 
implement 
an 
expansion 
scheme 
that allows 
individual 
FIFOs to be 
cascaded 
to greater 
depth without 
incurring 
additional 
latency (bubblethrough) 
delays. 
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Figure 2. 
Pin Connections for PLCC Package 


RS 
.... J~R_E_S_ET_ 
~lOGIC 


DATA INPUTS 
00- 08 


DATA OUTPUTS 
00-08 


PIN 
PIN TYPE· 
DESCRIPTION 


Do-De 
I 
Input Data Bus 


Qo-Oa 
orz 
Output Data Bus 


W 
I 
Write Request 


R 
I 
Read Request 


EF 
0 
Empty Flag 


FF 
0 
Full Flag 


PIN 
PINTYPE· 
DESCRIPTION 


XO/HF 
0 
Expansion 
Out/Half-Full 
Flag 


XI 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supply 


Vss 
V 
Ground 


PARAMETER 
HATING 


Supply Voltage to Vss Potential 
-0.5V 
t07 V 


Signal Pin Voltage to Vss Potential 3 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 2 
± 50 mA 


Storage Temperature 
Range 
-65°C 
to 150°C 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs in High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage 10 the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure 10 absolute maximum rating conditions for extended periods may affect re~abi~ty. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


3. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
J.1A 


ILO 
Output 
Leakage Current 
R ~ VIH, 0 V ~ VOUT~ Vcc 
-10 
10 
~ 


VOH 
Output 
High Voltage 
IOH=-2.0 
mA 
2.4 
- 
V 


VOL 
Output 
Low Voltage 
IOL=8.0 
mA 
- 
0.4 
V 


Icc 
Average 
Supply Current 1 
Measured at f = 40MHz 
- 
100 
mA 


ICC2 
Average Standby Current 1 
All Inputs = VIH 
- 
15 
mA 


ICC3 
Power Down Current 
1 
All Inputs = Vcc - 0.2V 
- 
5 
mA 


NOTE: 
1. 
Ice. Icc2. and Icc3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 
(10% to 90%) 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 4 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5 pF 


MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 
2. 
Capacitances are maximum values at 2SoC measured at 1.0MHz with VIN ~ 0 V. 


Uk OHMS 


DEVICE 
UNDER 
TEST 
680OHMS 
30 pF* 


SYMBOL 
PARAMETER 
lA=15nsl 
tA=20ns 
tA = 25 ns 
tA = 35 ns I tA = 50 ns I tA = 65 ns 
tA = 80 ns 
UNITS 
I MIN 
MAX IMIN IMAX 
MIN IMAX IMIN 
MAX IMIN I MAX I MIN IMAX 
MIN IMAX 


READ 
CYCLE 
TIMING 


tRC 
Read Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tA 
Access 
Time 
- 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tAR 
Read Recover 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 - 
65 
- 
80 
- 
ns 


tRLZ 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


tWLZ 
Data Bus Active from Write HIGH 3,4 
10 
- 
10 
- 
10 
- 
10 
- 
10 - 
10 
- 
20 
- 
ns 


tov 
Data Valid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


tRHZ 
Data Bus High-Z from Read HIGH 3 
- 
15 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


twPW 
Write 
Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 - 
ns 


tWR 
Write 
Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setup Time 
10 
- 
10 
- 
10 
- 
15 
- 
20 - 
20 
- 
20 
- 
ns 


tOH 
Data Hold Time 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


tRSC 
Reset Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tRS 
Reset Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
15 - 
20 
- 
25 - 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWRSS 
Write HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 - 
80 
- 
ns 


RETRANSMIT 
TIMING 


tRTC 
Retransmit 
Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tRT 
Retransmit 
Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


tEFL 
Reset LOW to EITl)!V FlaQ LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset LOW to Haij-FuU and Full 
25 
30 
35 
45 
65 
80 
100 
FIaQS HIGH 
- 
- 
- 
- 
- 
- 
- 
ns 


tREF 
Read LOW to ElTl)ty 
Flag LOW 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 - 
60 
- 
60 
ns 


tRFF 
Read HIGH to Fun Flag HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Empty 
Flag HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flag LOW 
- 
20 
- 
25 
- 
25 
- 
35 - 
45 
- 
60 
- 
60 
ns 


tWHF 
Write LOW to Hal-Full 
Flaa LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tRHF 
Read HIGH to Haij-Fun 
Flag HIGH 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 - 
100 
ns 


EXPANSION 
TIMING 


tXOL 
Expansion 
Out LOW 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
Out HIGH 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXI 
Expansion 
In Pu lse Width 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Expansion 
In Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
in Setup Time 
7 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 - 
ns 


NOTES: 
1. 
All timing measurements performed at"AC Test Condition" levels. 


2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values guaranteed by design not currendy tested. 
4. 
Only applies to read data flow-through mode. 


Reset 


The device 
is reset whenever 
the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and write address 
pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine 
whether 
the device 
is in Single 
mode or 
Depth Expansion 
mode. A reset pulse is r~uired 
when 
the device 
is first powered 
up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state tRPw and twpw before 
the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data in (Do - 08) pins. Awrite operation is only possible 
if the FIFO is not full, (Le. the Full flag pin is HIGH). Writes 
may occur independently 
of any ongoing read operations. 


At the falling edge of the first write after the memory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted 
until the difference 
between the 
write pointer and read pointer indicates that the remaining 
data in the device is less than orequalto 
one half the total 
c~city 
of the FIFO. The 
Half-Full 
flag is d~sserted 
(HF = HIGH) by the appropriate 
rising edge of R. 


The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes 
until cleared 
by a valid 
read. The 
Full flag 
is 
deasserted 
(FF = HIGH) after the next rising edge of R 
releases another memory location. 


Read 


A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the data out (00-08) 
pins after a time tA from the falling edge ofR. AfterR goes 
HIGH, the data out pins return to a high-impedance 
state. 


Reads 
may 
occur 
independent 
of any 
ongoing 
write 
~rations. 
A read is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive 
read opera- 
tions will access data in the same order as it was written. 
The Empty flag is asserted 
(EF = LOW) after the falling 
edge of R which accesses 
the last available data in the 
FIFO memory. 
EF is deasserted 
(EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through 
mode occurs when the Read (R) 
pin is I>rought LOW while the FIFO is empty, and held 
LOW in anticipation 
of a write cycle. At the end of the next 
write cycle, 
the Empty 
flag will be momentarily 
deas- 
serted, and the data just written will become available on 
the data out pins after a maximum 
time of twEF + tA. 


Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows 
through 
to the 
outputs. Additional 
data, if any, can only be accessed by 
toggling R. 


WritE! flow-through 
mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily 
deasserted, 
but then 
immediately 
reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edgeofWwhich 
may 
occur tRFF+ twpw after the read. 


Retransmit 


The FIFO can be made to reread previously 
read data 
through the retransmit 
function. Retransmit 
is initiated by 
pulsing 
RT LOW. This resets the internal 
read address 
pointer to the first physical 
location in the memory while 
leaving 
the internal 
write 
address 
pointer 
unchanged. 


Data between the read and write poi~ers 
m~ 
be reac- 
cessed 
by subsequent 
reads. 
Both Rand 
W must be 
inactive (HIGH) during the retransmit 
pulse. Retransmit 
is useful 
if no more 
than 
1024 
writes 
are performed 
between resets. Retransmit 
may affect the status of EF, 


HF, and FF flags, depending 
on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 


IFFH 
IHFH 
mmmJ!/lflJl/Z!flT!T!Jflti~---- 


we 


Iwpw 
IWR 
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VALID DATA IN 
-< 
VALID DATA IN 


\ 
IRFF 


IWFF 


I, 


LAST READ 
FIRST WRITE 


IREF 
IWEF 


XXXXXXXX 
VALIDDATAIN 
XXXXXXXXXXXXXXXXXXXXX 


W 
tRPE 
} 
R 


EF 


NOTES: 


1. tAPE = tRPW 


2. tRPE: 
Effective 
Read 
Pulse 
Width 
after 
Empty 
Flag 
HIGH. 


NOTES: 
1. tWPF- 
twPW 


2. tWPF: 
Effective 
Write 
Pulse 
Width 
after 
Full Flag 
HIGH. 


NOTES: 


1. 
tAPE = tRPW 
2. tRPE: 
Effective Read Pulse Width after Empty Flag HIGH. 


\~L 


NOTES: 


1. tWPF = twpw 
2. twpF: 
Effective Write Pulse Width after Full Flag HIGH. 


tWHF 
tRHF 


~ 
¥ 
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tAT t 


RT 


R,W 
==i 
I 


NOTES: 


1. 
tRTC ~ tAT + tRTA 


2. EF, HF and FF may 
change 
state 
dUring 
retransmit, 
but llags 
will be valid 
at tRTC 


. 
LOCATION 


txOL 
txOH 
, 


READ FROM 
LAST VALID 
LOCATION 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM 
FIRST VALID 
LOCATION 


OPERATIONAL MODES 


Single Device Configuration 


When depth expansion 
is not required for the given 
application, 
the deviceJS placed in Single mode by tying 
the Expansion 
In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple LH5497 devices in parallel. Each LH5497 should be 
configured for standalone 
mode. In this arrangement, 
the 
behavior of the status flags is identical for all devices; so, 
in princip e, a representative 
value for each of these flags 
could be derived 
from anyone 
device. 
In practice, 
it is 
better to derive 
'composite' 
flag values 
using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 


HF 


W 
R 
WRITE 
READ 


DATA IN 
9 
9 ____ 
DATA OUT 
00.08 
°0'°8 
LH5497 


FF 
EF -EMPTYFLAG 
FULL FLAG . 


RS 
AT 
RETRANSMIT 
RESET 


XI 
-- 


Figure 17. 
Single FIFO (1K x 9) 
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OPERATIONAL MODES (cont'd) 


Depth Expansion 


Depth expansion 
is implemented 
by configuring 
the 
required 
number 
of FIFOs 
in Expansion 
mode. 
In this 
arrangement, 
the FIFOs are connected 
in a circular fash- 


ion with the Expansion 
Out pin (XO) of each device tied 
to the Expansion 
In pin (XI) of the next device. One FIFO 
in this group must be designated 
as the first load device. 


This is accomplished 
by tying the 
First Load pin (FL) of 
this device to ground. 
All other devices 
must have their 
FL pin tied to a high level. In this mode, Wand R signals 


are shared by all devices, while internal logic controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common 
Data Out pins of all 
devices are wire-ORed 
together. 
Likewise, the common 
Data In pins of all devices are tied together. 


In Expansion 
mode, external logic is required to gen- 
erate a composite 
Full or Empty flag. This is achieved by 
ORing the FF pins of all devices and ORing the EF pins 
of all devices respectively. The Half-Full flag and Retrans- 
mit functions are not available in Depth Expansion 
mode. 
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OPERATIONAL MODES (cont'd) 


Compound 
Expansion 


A combination 
of width and depth expansion 
can be 
easily 
implemented 
by operating 
groups 
of depth 
ex- 
panded FIFOs in parallel. 


Bidirectional 
Operation 


Applications 
which require bidirectional 
data buffering 
between 
two 
systems 
can 
be 
realized 
by operating 


LH5497 devices 
in parallel but opposite 
directions. 
The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read. write. 


and flag signals are routed to each system. 
Both depth 
and width expansion may be used in this configuration. 
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r~lank 
28-pin, 600-mil 
DIP (DIP28-P-600) 
L---------<D 
28-pin. 300-mil 
DIP (DIP28-P-300) 
lu 32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 


'-------------- 
CMOS 1K x 9 FIFO 


Example: 
LH5497U-25 
(CMOS 1K x 9 
FIFO, 32-pin PLCC. 25 ns) 
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Figure 
1. 
Pin Connections 
for DIP Package 


• 
Fast Access Times: 15/20/25/35/50/ 
65/80 ns 


• 
Full CMOS Dual Port Memory Array 


• 
Fully Asynchronous Read and Write 


• 
Expandable in Width and Depth 


• 
Full, Half-Full, and Empty Status Flags 


• 
Read Retransmit Capability 


• 
TTL Compatible I/O 


• 
Packages: 
28-Pin, 300-mil DIP 
28-Pin, 600-mil DIP 
32-Pin PLCC 


• 
Pin and Functionally Compatible 
with IDT7203 


The 
LH5498 
is a dual 
port 
memory 
with 
internal 
addressing 
to implement 
a First-In, First-Out 
algorithm. 
Through 
an advanced 
dual port arChitecture, it provides 
fully asynchronous 
readlwrite 
operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. 
In addition, internal logic is provided 
for unlimited expansion 
in both word size and depth. 


Read 
and 
Write 
operations 
automatically 
access 
sequential 
locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out 
basis. Since the address sequence 
is 
internally predefined, 
no external 
address information 
is 
required for the operation 
of this device. A ninth data bit 
is provided for parity or control information 
often needed 
in communication 
applications. 


Empty, 
Full, and 
Half-Full 
status 
flags 
monitor 
the 
extent to which data has been written into the FIFO, and 
prevent 
improper 
operations 
(i.e. Read if the FIFO 
is 
empty, or Write if the FIFO is full). A retransmit 
feature 
resets 
the 
Read address 
pointer 
to its initial position, 


thereby 
allowing 
repetitive 
readout 
of the same 
data. 


Expansion 
In and 
Expansion 
Out pins 
implement 
an 
expansion 
scheme 
that allows 
individual 
FIFOs to be 
cascaded 
to greater 
depth without 
incurring 
additional 
latency (bubblethrough) 
delays. 
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Figure 
2. 
Pin Connections 
for PLCC Package 
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PIN 
PIN TYPE * 
DESCRIPTION 


Do-Os 
I 
Input Data Bus 


oo-os 
orz 
Output Data Bus 


W 
I 
Write Request 


R 
I 
Read Request 


EF 
0 
Empty Flag 


FF 
0 
Full Flag 


PIN 
PIN TYPE * 
DESCRIPTION 


XO/HF 
0 
Expansion 
OuVHalf-Full 
Flag 


XI 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supply 


Vss 
V 
Ground 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5Vt07V 


Signal Pin Voltage to Vss Potential 3 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 2 
±50mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any conditions other than those indicated in the "Operating Range" of 
this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


3. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10ns once per cyde. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10ns once per cyde. 


SYMBOL 
PARAMETER 
TESTCONOmONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
J.1A 


ILO 
Output Leakage Current 
R ~ VIH, 0 V ~ VOlJT~ Vcc 
-10 
10 
J.1A 


VOH 
Output High Voltage 
IOH=-2.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average 
Supply Current 1 
Measured 
at f = 40 MHz 
100 
mA 


ICC2 
Average 
Standby Current 1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 1 
All Inputs = Vcc - 0.2V 
5 
mA 


NOTE: 


1. 
Icc, Ice2, and Icc3 are dependent upon actual output loading and cyde rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load. Timing Tests 
Figure 4 


1.lkOHMS 


DEVICE 
UNDER 
TEST 
680OHMS 
30 pF* 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5 pF 


Co MAX (Output Capacitance) 
7pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances 
are maximum 
values at 25°C 
measured 
at 1.0MHz 
with VIN = 0 V. 


SYMBOL 
PARAMETER 
I tA = 15n8 I tA = 20n8 I tA"' 25n8 
tA = 35n8T tA = 50 n8 
lA "' 65n8 
tA = 80 n8 
UNITS 
I UIN I UAY I U, •• I UAY (u ••• IUAY rom.. 
IUAYI 
u••• IUAxl 


READ 
CYCLE 
TIMING 


lAe 
Read Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


lA 
Access 
Time 
- 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


lAR 
Read Recover 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


lApw 
Read Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


lAu 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


!wLZ 
Data Bus Active from Write HIGH 3.4 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Valid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


lAHZ 
Data Bus High-Z from 
Read HIGH 3 
- 
15 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


!we 
Write Cvcle Time 
25 
- 
30 
- 
35 
.. 
45 
- 
65 
- 
80 
- 
100 - 
ns 


!wpw 
Write Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


!wR 
Write Recovery 
Time 
10 
- 
10 
- 
10 
.- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setup Time 
10 
- 
10 
- 
10 
.- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


toH 
Data Hold Time 
0 
- 
0 
- 
0 
-- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


lAse 
Reset Cvcle Time 
25 
- 
30 
- 
35 
-- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


lAs 
Reset Pulse Width 2 
15 
- 
20 
- 
25 
.. 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


lASR 
Reset Recovery 
Time 
10 
- 
10 
- 
10 
-- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


lARSS 
Read HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


!wRSS 
Write HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


RETRANSMIT 
TIMING 


lATe 
Retransrrit 
Cvcle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


lAT 
Retrans rrit Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


lATA 
Retransrrit 
Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


lEFL 
Reset LOW to Erroty 
Flao LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


lHFH.FFH 
Reset LOW to Half·Full 
and Full 
- 
25 
- 
30 
- 
35 
45 
65 
80 
100 
FlaosHIGH 
- 
- 
- 
- 
ns 


lAEF 
Read LOW to Empty 
FlaQ LOW 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


lAFF 
Read HIGH to Full Flao HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


!wEF 
Write HIGH to Empty 
FlaQ HIGH 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


!wFF 
Write LOW to FuN Flag LOW 
- 
20 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


!wHF 
Write LOW to Half-FuR FlaQ LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


lAHF 
Read HIGH to Half-Full 
Flag HIGH 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


EXPANSION 
TIMING 


tXOL 
Expansion 
Out LOW 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
Out HIGH 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXI 
Expansion 
In Pulse Width 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Expansion 
In Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
In Setup Time 
7 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
,. 
All timing measurements performed at"AC Test Condition" levels. 


2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values guaranteed by design not currendy tested. 


4. 
Only applies to read data flow-through mode. 


Reset 


The device 
is reset whenever 
the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and write address 
pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine 
whether 
the device 
is in Single 
mode or 
Depth Expansion 
mode. A reset pulse is r~uired 
when 
the device is first powered 
up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state tRRSSand twRSS before 
the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data-in 
(Do - 
08) 
pins. 
A write 
operation 
is only 
possible 
if the FIFO is not full, (i.e. the Full flag pin is 
HIGH). Writes may occur independently 
of any ongoing 
read operations. 


At the falling edge of the first write after the memory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted 
until the difference between the 
write pointer and read pointer indicates that the remaining 
data in the device is less than orequalto 
one-half the total 
c~city 
of the FIFO. The 
Half-Full 
flag is d~sserted 
(HF = HIGH) by the appropriate 
rising edge of R. 


The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes 
until cleared 
by a valid 
read. The 
Full flag 
is 
deasserted 
(FF = HIGH) after the next rising edge of R 
releases another memory location. 


Read 


A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on the data out (Q~8) 
pins after a time fA from the falling edge ofR. After R goes 
HIGH, the data out pins return to a high-impedance 
state. 


Reads 
may 
occur 
independent 
of any ongoing 
write 
~rations. 
Aread is only possible if the FIFO is not empty 
(EF= 
HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive 
read opera- 


tions will access data in the same order as it was written. 
The Empty flag is asserted (EF = LOW) after the falling 
edge of R which accesses 
the last available data in the 
FIFO memory. EF is de asserted 
(EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Read flow-through 
mode occurs when the Read (R) 
pin is brought 
LOW while the FIFO is empty, and held 
LOW in anlicipation 
of a write cycle. At the end of the next 
write cycle, 
the Empty 
flag will be momentarily 
deas- 
serted, and the data just written will become available on 
the data out pins after a maximum 
time of twEF + fA. 


Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows 
through 
to the 
outputs. Additional 
data, if any, can only be accessed by 
toggling R. 


Write flow-through 
mode occurs when the Write (W) 
pin is brou~Jht LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end of the read cycle, 
the Full flag will be momentarily 
deasserted, 
but then 


immediatety reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edge of W which may 
occur tRFF+ twpw after the read. 


Retransmit 


The FIFO can be made to reread previously 
read data 
through the retransmit function. Retransmit 
is initiated by 
pulsing 
RT LOW. This resets the internal read address 
pointer to the first physical location in the memory while 
leaving 
the' internal 
write 
address 
pointer 
unchanged. 


Data betwElen the read and write 
pointers 
may be re- 
accessed 
by subsequent 
reads. Both Rand 
W must be 
inactive (HIGH) during the retransmit 
pulse. Retransmit 
is useful 
if no more than 
2048 writes 
are performed 
between 
resets. Retransmit 
may affect the status of EF, 


HF, and FF flags, depending 
on the relocation of the read 
pointer. Thi:3 function is not available 
in depth expansion 
mode. 


we 


Iwpw 
IWR 
I 


IDS 
IOH 


VALID DATA IN 
/ 
VALID DATA IN 
'\ 


IRFF 


IWFF 


LAST READ 
FIRST WRITE 


IREF 
lWEF 


J( 


XXXXXXX X 
VALID DATA IN XXXXXXXXXXXXXXXXXXXXX 


J- 


NOTES: 


1. lAPE = lRPW 
2. ~PE: 
Effective Read Pulse Width after Empty Flag HIGH. 


NOTES: 


1. lWPF= 
lwpw 


2. 
lWPF: 
Effective Write Pulse Width after Full Flag HIGH. 


\~--~C 
t,..'EF 


R 


NOTES: 


1. "'PE - "'pw 
2. "'PE: Effective Read Pulse Width after Empty Flag HIGH. 


\---1 


NOTES: 


1 . lwPF = lwPw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 


~ 


tRT 
Cm==i 
/ 


NOTES: 
1. tRTC-tAT 
+ tRm 


2. EF, HF and FF may change slale during retransmit, but flags will be valid attRTc 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
LOCATION 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


OPERATIONAL 
MODES 


Single Device Configuration 


When depth expansion 
is not required 
for the given 
application, 
the device is placed in Single mode by tying 
the Expansion 
In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple LH5498 devices in parallel. Each LH5498 should be 
configured for standalone 
mode. In this arrangement, 
the 
behavior of the status flags is identical for all devices; so, 
in principle, a representative 
value for each of these flags 
could be derived 
from anyone 
device. 
In practice, 
it is 
better to derive 
'composite' 
flag values 
using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 


HF 


Vi 
R 
WRITE 
READ 


DATA IN 
9 
Do - 08 


LH5498 
FF 
EMPTY FLAG 
FULL FLAG 


RESET 
RS 
-- 
RETRANSMIT 


XI 
-- 


5498-17 


Figure 17. 
Single FIFO (2K x 9) 


18/ 
t 
HF 
t 
i=iF 


9 
9, 
- 
Vi 
R 
W 
RITE 
-- 
READ 
FF 
R 
LH5498 
EF 
ULLFLAG 
LH5498 
---- 
EMPTY FLAG 


RS 
- 
RS 
ESET 
---- 
RT 
RT 
____ 
4 


RETRANSMIT 


9 
9 
l.XI 
l.-XI 
18 
- 
- 


OPERATIONAL MODES (cont'd) 


Depth Expansion 


Depth expansion 
is implemented 
by configuring 
the 
required 
number 
of FIFOs 
in Expansion 
mode. 
In this 
arrangement, 
the FIFOs are connected 
in a circular fash- 
ion with the Expansion 
Out pin (XO) of each device tied 
to the Expansion 
In pin (XI) of the next device. 
One FIFO 
in this group must be designated 
as the first load device. 
This is accomplished 
by tying the First Load pin (FL) of 
this device to ground. All other devices 
must have their 
FL pin tied to a high level. In this mode, Wand R signals 


are shared by all devices, while internal logic controls the 
steeri 
g of data. Only one FIFO will be enabled for any 
given read cycle, so the common 
Data Out pins of all 
devices are wire-ORed 
together. Likewise, 
the common 
Data In pins of all devices are tied together. 


In Expansion 
mode, external logic is required to gen- 
erate a composite 
Full or Empty flag. This is achieved by 
ORing the FF pins of all devices and ORing the EF pins 
of 
all 
devices 
respectively. 
The 
Half-Full 
flag 
and 
Retransmit 
functions 
are not available 
in Depth Expan- 
sion mode. 


t xo 
- 
R 
W 


TAIN 
9 
9 
9 
9 
DATA 0 
LH5498 
EF' 
FF 


RS 
~ 


P<Jxo 


9/ 
9 
r- 
FF 
LH5498 
EF 
, 


I 


RS 
~ 


P<Jxo 


9 
9 
'- 
EF 
FF 
LH5498 
- 
- 
RS 
RS 
--l 
tX1 
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OPERATIONAL MODES (cont'd) 


Compound 
Expansion 


A combination 
of width and depth expansion 
can be 
easily 
implemented 
by 
operating 
groups 
of depth 
expanded 
FIFOs in parallel. 


Bidirectional 
Operation 


Applications 
which require bidirectional 
data buffering 
between 
two 
systems 
can 
be 
realized 
by operating 


LH5498 dElvices in parallel but opposite directions. 
The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read, write 
and flag signals are routed to each system. 
Both depth 
and width expansion 
may be used in this configuration. 


R 
LH5498 
LH5498 
LH5498 
W 
DEPTH EXPANSION 
DEPTH EXPANSION 
} 
DEPTH EXPANSION 


RS 
BLOCK 
BLOCK 
BLOCK 


DATA IN 
Dg- DN·1 
D1B- DN-1 
~ 
DN_g- DN-l 
00- 
DN.1 


5498-20 


Figure 20. 
Compound 
FIFO 


a 
Rb 
- 
Fa 
EFb 


LH5498 
-HFb 


S 
-RTb 


Dae- DaB 
Qba - QbB 
l... XI 
- 


Qae-QaB 
Dba - DbB 
- 
a 
Wb 


LH5498 
- 
Fa 
-FFb 


Fa 


Ta 
-RS 
l... XI 


LH5498 
Device Type 
X 
Package 
-~15 
Speed 
20 


~~ 
Access Time (ns) 
50 
65 


Blank 
28-pin, 600-mil 
DIP (DIP28-P-600) 
'---------{ 
D 
28-pin, 300-mil 
DIP (DIP28-P-300) 
U 
32-pin 
Plastic Leaded Chip Carrier (PLCC32-P-R450) 


'-------------- 
CMOS 2K x 9 FIFO 


Example: 
LH5498U-25 
(CMOS 2K x 9 FIFO, 32-pin PLCC, 25 ns) 


LH5499 
CMOS 4K x 9 FIFO 


PIN CONNECTIONS 


28-PIN PDIP 
TOP VIEW 
W 
Vcc 


D. 
D. 


03 
05 


O2 
D. 


0, 
07 


DO 
FURT 


Xi 
AS 


FF 
EF 


00 
XO/HF 


0, 
07 


O2 
O. 


03 
05 


O. 
O. 


Vss 
R 


5499-10 


Figure 
1. 
Pin Connections 
for PDIP Package 


• 
Fast Access Times: 20/25/35/50/65/80 ns 


• 
Full CMOS Dual Port Memory Array 


• 
Fully Asynchronous Read and Write 


• 
Expandable in Width and Depth 


• 
Full, Half-Full, and Empty Status Flags 


• 
Read Retransmit Capability 


• 
TTL Compatible I/O 


• 
Packages: 
28-Pin, 600-mil DIP 
32-Pin, PLCC 


• 
Pin and Functionally Compatible 
with IDT7204 


The 
LH5499 
is a dual 
port 
memory 
with 
internal 
addressing 
to implement 
a First-In, First-Out 
algorithm. 


Through 
an advanced 
dual port architecture, 
it provides 
fully asynchronous 
read/write operation. Empty, Full, and 
Half-Full status flags are provided to prevent data over- 
flow and underflow. Internal logic is provided for unlimited 
expansion 
in both word size and depth. 


Read 
and 
Write 
operations 
automatically 
access 
sequential 
locations in memory in such a way that data is 
read out in the same order that it was written, that is on a 
First-In, First-Out 
basis. Since the address sequence 
is 
internally predefined, 
no external address information 
is 
required for the operation 
of this device. A ninth data bit 
is provided for parity or control information 
often needed 
in communication 
applications. 


Empty, 
FUll, and 
Half-Full 
status 
flags 
monitor 
the 
extent to which data has been written into the FIFO, and 
prevent 
improper 
operations 
(i.e., Read if the FIFO is 
empty, or Write if the FIFO is full). A retransmit 
feature 
resets the 
Read address 
pointer 
to its initial position, 


thereby 
allowing 
repetitive 
readout 
of the same 
data. 


Expansion 
in and 
Expansion 
out 
pins 
implement 
an 
expansion 
scheme 
that allows 
individual 
FIFOs to be 
cascaded 
to greater 
depth without 
incurring 
additional 
latency (bubblethrough) 
delays. 


D. 


D7 


NC 
FURT 


AS 


EF 


XO/HF 
07 
o. 


24 


23 


22 


21 


15 16 17 18 19 20 


RS -----l__R_E_S_E_T_ 
I 
LOGIC 


DATA INPUTS 
00- 
Os 


DATA OUTPUTS 
aD-aS 


PIN 
PIN lYPE* 
DESCRIPTION 


Do-De 
I 
Input Data Bus 


Qo-Os 
O/z 
Output Data Bus 


W 
I 
Write Request 


R 
I 
Read Request 


EF 
0 
Empty Flag 


FF 
0 
Full Flag 


PIN 
PINlYPE* 
DESCRIPTION 


XO/HF 
0 
Expansion 
OuVHalf-Full 
Flag 


Xi 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


VCC 
V 
Positive Power Supply 


Vss 
V 
Ground 


PARAMETER 
RAllNG 


Supply Voltage to Vss Potential 
-0.5 
Vto 7 V 


Signal Pin Voltage to Vss Potential 3 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 2 
±50 
mA 


Storage Temperature 
Range 
-65°C 
to 1SOoC 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Slresses greater than those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. This is a slress rating for 
Iransient conditions only. Functional operation of the device at these or any other conditions above those indicated in the "Operating Range" 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect re~ability. 
2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted atany time. 
3. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic "0" Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic "1" Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONOmONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
lJA 


ILO 
Output Leakage Current 
R :?: VIH, 0 V ~ VOUT~ Vcc 
-10 
10 
lJA 


VOH 
Output High Voltage 
IOH=-2.0 
mA 
2.4 
V 


VOL 
Output Low Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average Supply Current 
1 
Measured at f = 33 MHz 
110 
mA 


Icc2 
Average 
Standby Current 
1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 
1 
All Inputs = Vcc - 0.2V 
8 
mA 


NOTE: 
1. 
Icc. IC02.and Icc3 are dependent upon actual output loading and cycle rates. Specifiod values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load. Timing Tests 
Figure 4 


1.lkOHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 
30 pF· 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5 pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitancesare maximumvalues at2S0C measuredat1.0MHz with V,N- 0 V. 


SYMBOL 
PARAMETER 
I t••= 20 ns I t••= 25 ns I t••= ~15ns 
t••= 50 ns 
t••= 65 ns 
t••= 80 ns 
UNITS 
r u,•• I UAY r u,•• 
I UAY 
U, •• I UAY 
U, •• I UAY 
U, •• I UAY 


READ 
CYCLE 
TIMING 


tRC 
Read Cycle Time 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tA 
Access 
Time 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tRR 
Read Recover 
Time 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pulse Wid1h 2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRLZ 
Data Bus Active from 
Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


twLZ 
Data Bus Active from Write HIGH 3,4 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Valid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


tRHZ 
Data Bus High-Zfrom 
Read HIGH3 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cycle Time 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


twpw 
Write 
Pulse Wid1h 2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWR 
Write Recovery 
Time 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setuo Time 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold Time 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


tRSC 
Reset Cycle Time 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tRS 
Reset Pulse Width 2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recovery 
Time 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWRSS 
Write HIGH to RS HIGH 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


RETRANSMIT 
TIMING 
5 


tRTC 
Retransmit 
Cycle Time 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRT 
Retransmit 
Pulse Width 
2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recovery 
Time 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


tEFL 
Reset LOW to Emoty 
Flag LOW 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset LOW to Ha~-Full 
and Full 
30 
- 
35 
- 
45 
65 
80 
100 
Flags HIGH 
- 
- 
- 
- 
ns 


tREF 
Read LOW to Emotv 
Flaa LOW 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRFF 
Read HIGH to Full Flag HIGH 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Emotv 
Flaa HIGH 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flag LOW 
- 
25 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


twHF 
Write LOW to HaW-Full Flaa LOW 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tRHF 
Read HIGH to Ha~-Full 
Flag HIGH 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


EXPANSION 
TIMING 


txoL 
EXDansion Out LOW 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
Out HIGH 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXI 
Expansion 
In Pu Ise Wid1h 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Exoansion 
In Recovery 
Time 
10 
- 
10 
- 
10 
- 
10. - 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
in Setup Time 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
1. 
All timing measurements performed at"AC Test Condition" levels. 
2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values guaranteed by design not currenUy tested. 
4. 
Only applies to read data flow-through mode. 


5. 
See also Note 3, Figure 13. 


Reset 


The device 
is reset whenever 
the Reset pin (RS) is 
taken to a LOW state. The reset operation initializes both 
the read and write address pointers to the first memory 
location. The XI and FL pins are also sampled at this time 
to determine 
whether 
the device 
is in Single 
mode or 
Depth Expansion 
mode. A reset pulse is r~uired 
when 
the device 
is first powered 
up. The Read (R) and Write 
(W) pins may be in any state when reset is initiated, but 
must be brought to a HIGH state tRPW and twpw before 
the rising edge of RS. 


Write 


A write cycle is initiated on the falling edge of the Write 
(W) pin. Data setup and hold times must be observed on 
the data 
in (Do - 
08) pins. 
A write 
operation 
is only 
possible 
if the FIFO is not full, (Le. the Full flag pin is 
HIGH). Writes may occur independently 
of any ongoing 
read operations. 


At the falling edge of the first write after the memory is 
half filled, the Half-Full flag will be asserted (HF = LOW) 
and will remain asserted 
until the difference 
between the 
write pointer and read pointer indicates that the remaining 
data in the device is less than or equal to one half the total 
c~city 
of the FIFO. The Half-Full 
flag is d~sserted 
(HF = HIGH) by the appropriate 
rising edge of R. 


The Full flag is asserted (FF = LOW) at the falling edge 
of the write operation which fills the last available location 
in the FIFO memory array. The Full flag will inhibit further 
writes 
until cleared 
by a valid 
read. The 
Full flag 
is 
deasserted 
(FF = HIGH) after the next rising edge of R 
releases another memory location. 


Read 


A read cycle is initiated on the falling edge of the Read 
(R) pin. Read data becomes valid on thedataout 
(00-08) 
pins after a time lA from the falling edge ofR.After 
R goes 
HIGH, the data out pins return to a high-impedance 
state. 


Reads 
may 
occur 
independent 
of any 
ongoing 
write 
~rations. 
Aread is only possible if the FIFO is not empty 
(EF = HIGH). 


The internal read and write address pointers are main- 
tained by the device such that consecutive 
read opera- 
tions will access data in the same order as it was written. 
The Errpty 
flag is asserted 
(EF = LOW) after the falling 
edge of R which accesses 
the last available data in the 
FIFO memory. EF is deasserted 
(EF = HIGH) after the 
next rising edge of W loads another word of valid data. 


Data Flow-Through 


Reao flow-through 
mode occurs when the Read (R) 
pin is brought 
LOW while the FIFO is empty, and held 
LOW in anticipation 
of a write cycle. At the end of the next 
write cycle, the Empty 
flag will be momentarily 
de-as- 
serted, and the data just written will become available on 
the data out pins after a maximum 
time of twEF + lA. 
Additional writes may occur while the R pin remains LOW, 
but only data from the first write flows 
through 
to the 
outputs. Additional 
data, if any, can only be accessed by 
toggling R. 


Write flow-through 
mode occurs when the Write (W) 
pin is brought LOW while the FIFO is full, and held LOW 
in anticipation of a read cycle. At the end ofthe read cycle, 
the Full flag will be momentarily 
deasserted, 
but then 
immediately 
reasserted in response to W held LOW. Data 
is written into the FIFO on the rising edgeofWwhich 
may 
occur tRFF+ twpw after the read. 


Retransmit 


The FIFO can be made to reread previously 
read data 
through tne retransmit 
function. Retransmit 
is initiated by 
pulsing AT LOW. This resets the internal 
read address 
pointer to the first physical 
location in the memory while 
leaving 
the internal 
write 
address 
pointer 
unchanged. 


Data between the read and write poi~ers 
m~ 
be reac- 


cessed 
by subsequent 
reads. Both Rand 
W must be 
inactive ( 
IGH) during the retransmit 
pulse. Retransmit 
is useful 
if no more 
than 
4096 
writes 
are performed 
between resets. Retransmit 
may affect the status of EF, 
HF, and FF flags, depending 
on the relocation of the read 
pointer. This function is not available in depth expansion 
mode. 


tRRSS 
IWRSS 


IEFL 


IFFH IHFH 
!IlTmff~mfl~ mfll1Jt----- 


NOTES: 


1. ~sc 
= IRS + ~SR' 
2. Iii and R ~ V'H around the rising edge of RS. 


we 


Iwpw 
IWR 
I 


IDS 
IDH 


VALID DATA IN 
--< 
VALID DATA IN 
~ 


tRFF 


tWFF 


LAST READ 
FIRST WRITE 


'\ 
I 
tREF 
tWEF 


Do - OS XXXXXXXXX 
VALID 
DATA 
IN XXXXXXXXXXXXXXXXXXXXX 


W 
tAPE 
} 
R 


EF 


__ 
V_A_L1_D_D_A_T_A_O_U_T 
__ 
>OO- 


NOTES: 
1. ~PE~~PW 
2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 


NOTES: 


1. twpF -lwpw 
2. twpF: Effective Write Pulse Width after Full Flag HIGH. 


\'----~C 
tWEF 


NOTES: 


1. tAPE - "'pw 
2. tAPE: Effective 
Read 
Pulse 
Width 
after 
Empty 
Flag HIGH. 


\_--~C 
tAFF 


NOTES: 


1. twpF - lwpw 


2. twpF: 
Effective 
Write 
Pulse 
Width 
after 
Full Flag HIGH. 


tWHF 
tAHF 


{ 


tRT 


RT 


R,W 


NOTES: 


1. ~TC = tRT + ~TR' 
2. EF and FF may change state during retransmit. 
3. HF may change state during retransmit and become valid at ~TC 
+5 ns. 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
LOCATION 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


OPERATIONAL 
MODES 


Single Device Configuration 


When depth expansion 
is not required for the given 
application, 
the deviceJs 
placed in Single mode by tying 
the Expansion 
In pin (XI) to ground. This pin is internally 
sampled during reset. 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple LH5499 devices in parallel. Each LH5499 should be 
configured for standalone 
mode. In this arrangement, 
the 
behavior of the status flags is identical for all devices; so, 
in principle, a representative 
value for each of these flags 
could be derived 
from anyone 
device. 
In practice, 
it is 
better 
to derive 
'composite' 
flag values 
using external 
logic, since there may be minor speed variations between 
different actual devices. (See Figures 17 and 18.) 


HF 


Vi 
R 
WRITE 
READ 


DATA IN 
9 
9, 
DATA OUT 
Do - D. 
> 
00-0. 


LH5499 
FF 
EF 
EMPTY FLAG 
FULL FLAG 


RS 
In 
RETRANSMIT 
RESET 


Xi 


5499-17 


Figure 17. 
Single FIFO (4K x 9) 
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Vi 
W 
R 
WRITE 
---- 
READ 
- 
R 
LH!i499 
- 
FF 
EF 
ULLFLAG 
LH5499 
---- 
EMPTY FLAG 


RS 
RS 
RESET 
---- 
RT 
RT 
- 
RETRANSMIT 
9 
9, 


l..XI 
l 
X1 
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OPERATIONAL MODES (cont'd) 


Depth Expansion 


Depth expansion 
is implemented 
by configuring 
the 
required 
number 
of FIFOs 
in Expansion 
mode. 
In this 
arrangement, 
the FIFOs are connected 
in a circular fash- 
ion with the Expansion 
Out pin (XO) of each device tied 
to the Expansion 
In pin (xi) of the next device. 
One FIFO 
in this group must be designated 
as the first load device. 


This is accomplished 
by tying the First Load pin (FL) of 
this device to ground. 
All other devices 
must have their 
FL pin tied to a high level. In this mode, Wand R signals 


are shared 
y all devices, while internailogic 
controls the 
steering of data. Only one FIFO will be enabled for any 
given read cycle, so the common 
Data Out pins of all 
devices are wire-ORed 
together. Likewise, 
the common 
Data In pins of all devices are tied together. 


In Expansion 
mode, external logic is required to gen- 
erate a composite 
Full or Empty flag. This is achieved by 
ORing the i=F pins of all devices and ORing the EF pins 
of 
all 
devices 
respectively. 
The 
Half-Full 
flag 
and 
Retransmit 
functions 
are not available 
in Depth Expan- 
sion mode. 


t xo 
- 
R 
w 


9 
9 
9 
9 
DATA 0 
TAIN 
LH5499 
FF 
EF 
- 
~ 
RS 


P"xo 


9/ 
9 
, 
FF 
LH5499 
EF 
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OPERATIONAL MODES (cont'd) 


Compound 
Expansion 


A combination 
of width and depth expansion 
can be 
easily 
implemented 
by 
operating 
groups 
of depth 
expanded 
FIFOs in parallel. 


Bidirectional 
Operation 


Applications 
which require bidirectional 
data buffering 
between 
two 
systems 
can 
be 
realized 
by operating 


LH5499 devices 
in parallel but opposite 
directions. 
The 
Data In pins of a device may be tied to the corresponding 
Data Out pins of another device operating in the opposite 
direction to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read. write 
and flag signals are routed to each system. 
Both depth 
and width expansion 
may be used in this configuration. 


LH5499 
DEPTH EXPANSION 
BLOCK 


LH5499 
DEPTH EXPANSION 
BLOCK 


LH5499 
DEPTH EXPANSION 
BLOCK 


a 
Rb- 
Fa 
. EFb 


LH5499 
- 
•• HFb 


S 
-RTb 


0030,8 
ObO•8 


-LXI 
- 


0030.8 
DbO•B 


a 
- 
Wb 


Fa 
LH5499 
-FFb 


Fa 


Ta 
f-------- 
RS 


-L 
XI 


LH5499 
Device Type 
X 
Package 
-##~20 
Speed 
25 


35 
Access Time (ns) 
50 
65 


Blank 
28-pin. 600-mil 
DIP (DIP28-P-600) 
'---------< 
U 
32-pin Plastic Leaded Chip Carrier (pLCC32-P-S450) 


'------------- 
CMOS 4K x 9 FIFO 


LH5492 


• 
Fast Cycle Times: 
25130/35 
ns 
Frequency: 
40/33/28.5 
MHz 


• 
Parallel Data In; Parallel Data Out 


• 
Two Read Enable Inputs and Two Write Enable 
Inputs, Sampled on Rising Edge of the Appropriate 
Clock 


• 
Fast-Fall-Through 
Time Internal Architecture 
Based 
on CMOS Dual-Port SRAM Technology, 4096 x 9 


• 
Independently-Synchronized 
Operation of Input Port 
and Output Port 


• 
Full, Half-Full, Almost-Empty/Full, 
and Empty Flags 


• 
Three-State 
Outputs with Output Enable 


• 
May be Used for Bidirectional 
Bus Interfaces 


• 
May be Used to Interface between Buses of 
Different Word Widths 


• 
ReseVReread 
Capabimy 


• 
TIL 
and CMOS Compatible 
I/O 


• 
32-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The LH5492 
is a FIFO (First-In, 
First-Out) 
memory 
device, based on fully-static 
CMOS dual-port 
RAM tech- 
nology, capable of containing 
up to 4096 nine-bit words. 


Asingle LH5492 FIFO can input and output nine-bit bytes; 
it has one 
nine-bit 
parallel 
input (write) 
port, and one 
nine-bit parallel output (read) port. Multiple write enables 
and 
read 
enables 
support 
paralleling 
LH5492s 
for 
greater-word-width 
operation, 
in order to achieve a wider 
'effective 
FIFO.' The paralleled 
LH5492 combination 
re- 
mains capable 
of performing 
all of the operations 
which 
a standalone 
LH5492 can perform. Thus, if two LH5492s 
are paralleled, 
the combination 
can 
input 
and output 
18-bit halfwords. 
This paralleling 
scheme extends to an 
arbitrary number of paralleled 
LH5492s, 
although some 
external logic is required for more than two. 


The LH5492 
architecture 
supports 
synchronous 
op- 
eration, tied to two independent 
free-running 
clocks at the 
input 
and 
output 
ports 
respectively. 
However, 
these 


'clocks' also may be aperiodic, 
asynchronous 
'demand' 


signals; they do not need to be synchronized 
with each 
other 
in any way. Almost 
all control 
input signals 
and 
status output signals are synchronized 
to these clocks, to 


simplify system design. The input and output ports oper- 
ate anogether independently 
of each other, except when 
the FIFO becomes 
either totally full or else totally empty. 


Two edge-sampled 
enable control inputs, WEN1 and 
WEN2, are provided forthe 
input port; and two more such 
control 
inputs, 
REN1 and REN2, are provided 
for the 
output 
port. These 
synchronous 
control 
inputs may be 
used as write demands 
and read demands 
respectively, 
when an LH5492 
is interfaced 
to continuously-clocked 
synchronous 
systems. 
Data flow is initiated at a port by 
the rising edge of the clock signal corresponding 
to that 
port, and is gated only by the appropriate 
edge-sampled 
enable control input signal(s). 


The following 
FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, 
and Empty. The Almost-Empty/Full 
flag is asserted whenever 
the internal memory 
is either 
within eight locations of 'empty,' or else within eight loca- 
tions of 'full.' The Half-Full flag serves to distinguish 
the 


'almost-empty' 
condition 
from the 'almost-full' 
condition. 


Also, 
during 
fully-synchronous 
operation, 
the 
Full flag 
may be tied directly to WEN1 or to WEN2, and the Empty 
flag likewise 
may be tied directly to RENl 
or REN2, in 
orderto 
prevent overrunning 
or underrunning 
the internal 
FIFO boundaries. 
(See Figure 10.) 
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FUNCTIONAL DESCRIPTION (cont'd) 


Altematively, 
the enabling of write or read operations 
may be controlled 
entirely by extemal system logic, while 


the flags serve strictly as system interrupts. This design 
approach 
works well when the input port clock and the 
output port clock are not synchronized 
to each other. 


DATA OUT 
Qo -Qs 


OE 


RCK 
REN, 


REN2 


WCK 
WEN, 
WEN2 


RS 


WCK 


RCK 


FF 
HF 


AEF 


EF 


OE 


Reset. An assertive-LOW 
in 
t which initializes the internal address 


Write Clock. A free-runnin 
clock in ut for write 0 erations. 


Read Clock. A free-runnin 
clock in ut for read 0 erations. 


Data Inputs. Do - Os are sampled on the rising edge of WCK, whenever 
both WEN, 
and WEN2 are 
bein 
asserted. 


Data Outputs. 00 - Os are updated following the rising edge of RCK, whenever 
both RENl and 
REN2 are be in 
asserted. 


Write Enable 1. An assertive-HIGH 
input signal which is sampled on the rising edge of WCK to 
control the flow of data into the FIFO. Both WEN, 
and WEN2 must be asserted in order to enable a 
write 0 eration. 


Write Enable 2. An assertive-HIGH 
input signal which is sampled on the rising edge of WCK to 
control the flow of data into the FIFO. Both WEN, 
and WEN2 must be asserted in order to enable a 
write 0 eration. 


Read Enable 1. An assertive-HIGH 
input signal which is sampled on the rising edge of RCK to 
control the flow of data out of the FIFO. Both REN, and REN2 must be asserted in order to enable a 
read 0 eration. 


Read Enable 2. An assertive-HIGH 
input signal which is sampled on the rising edge of RCK to 
control the flow of data out of the FIFO. Both RENl and REN2 must be asserted in order to enable a 
read 0 eration. 


Full Fla . An assertive-LOW 
out 
ut indicatin 
when the FIFO is full. 


Half-Full Fla . An assertive-LOW 
out 
ut indicati 
when the FIFO is more than half full. 


Almost-Empty/Full. 
An assertive-LOW 
output indicating when the FIFO either is within eight locations 
of full, or else is within ei ht locations of e 
t. 


Em t 
Fla 
. An assertive-LOW 
out ut indicati 
when the FIFO is em t . 


Output Enable. An assertive-LOW 
signal which, when asserted, places the data outputs 00 - Os in a 
low-im 
edance state. 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5Vto 
7 V 


Signal Pin Voltage to Vss Potential3 
-0.5 
V to Vee + 0.5 V 


DC Output Current 2 
±40 mA 


Storage Temperature Range 
-6S'C 
to 1500C 


Power Dissipation (Package Limit) 
1.0W 


NOTES: 
1. 
Stresses grealer than those listed under 'Absolule Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside those indicaled in the 'Operating Range' 
of this specification is not implied. Exposure to absolute maximum rating conditions for exlended periods may affect reliability. 


2. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


3. 
Negative undershoots of 1.5 V in amplibJdeare permitted for up to 10 ns, once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, Ambient 
0 
70 
°C 


Vec 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Vo~age 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.2 
Vce + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in amplibJdeare permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITlONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vee = 5.5 V, VIN = 0 V to Vee 
-10 
10 
jlA 


ILO 
Output Leakage Current 
OE ~ VIH, 0 V:5 VOUT:5Vec 
-10 
10 
jlA 


VOL 
Output LOW Voltage 
IOL=8.0 mA 
0.4 
V 


VOH 
Output HIGH Vo~age 
IOH=-2.0 
mA 
2.4 
V 


Ice 
Average Supply Current 1 
Measured at Ie = max 
150 
mA 


lee2 
Average Standby Current 1 
All Inputs = VIH 
25 
mA 


NOTE: 
1. 
Ice and 
Ice2 are dependent upon acbJal output loading and cycle rales. Specified values are with outputs open; 
and, for Ice, operating at minimum cycle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times 
5 ns 
(10% to 90%) 


Input Timing Reference Levels 
1.5 V 


Output Reference Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


DEVICE 
UNDER 
TEST 


PARAMETER 
RATING 


CIN (Input Capacitance) 
7 pF 


Co (Output Capacitance) 
7pF 


NOTES: 
1. 
Sample lesled only. 


2. 
Capacitances are maximum values at 2SoC, measured at 1.0MHz with VIN_ 0 v. 


-25 
-30 
-35 
UNIT 
SYMBOL 
DESCRIPTION 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fc 
Cycle 
Frequency 
- 
40 
- 
33.3 
- 
28.5 
MHz 


twc 
Write 
Clock 
Cycle 
Time 
25 
- 
30 
- 
35 
- 
ns 


tWH 
Write 
Clock 
HIGH 
Time 
10 
- 
12 
- 
14 
- 
ns 


tWL 
Write 
Clock 
LOW 
Time 
10 
- 
12 
- 
14 
- 
ns 


tRC 
Read 
Clock 
Cycle 
Time 
25 
- 
30 
- 
35 
- 
ns 


tRH 
Read 
Clock 
HIGH 
Time 
10 
- 
12 
- 
14 
- 
ns 


tRL 
Read 
Clock 
LOW 
Time 
10 
- 
12 
- 
14 
- 
ns 


tos 
Data 
Setup 
Time 
to Rising 
Clock 
10 
- 
10 
- 
10 
- 
ns 


tOH 
Data 
Hold 
Time 
from 
Rising 
Clock 
() 
- 
0 
- 
0 
- 
ns 


tES 
Enable 
Setup 
Time 
to Rising 
Clock 
10 
- 
10 
- 
10 
- 
ns 


tEH 
Enable 
Hold Time 
from 
Rising 
Clock 
0 
- 
0 
- 
0 
- 
ns 


tA 
Data 
Output 
Access 
Time 
-- 
20 
- 
22 
- 
25 
ns 


tOH 
Output 
Hold 
Time 
from 
Rising 
RCK 
5 
- 
5 
- 
5 
- 
ns 


taL 
OE to Data 
Outputs 
Low-Z 
2 
1 
- 
1 
- 
1 
- 
ns 


taz 
OE to Data Outputs 
High-Z 
2 
-- 
10 
- 
11 
- 
12 
ns 


tOE 
Output 
Enable 
to Data Valid 
- 
10 
- 
11 
- 
12 
ns 


tEF 
Clock 
to Empty 
Flag Valid 
-- 
20 
- 
22 
- 
25 
ns 


tFF 
Clock 
to Full Flag Valid 
_. 
20 
- 
22 
- 
25 
ns 


tHF 
Clock 
to Half 
Flag Valid 
- 
35 
- 
37 
- 
40 
ns 


tAEF 
Clock 
to AEF 
Flag Valid 
- 
35 
- 
37 
- 
40 
ns 


tRS 
Reset 
Pulse 
Width 
2'- 
- 
30 
- 
35 
- 
ns 
,) 


tRSS 
Reset 
Setup 
Time 
3 
10 
- 
12 
- 
15 
- 
ns 


tRF 
Reset 
LOW 
to Flag Valid 
- 
30 
- 
32 
- 
35 
ns 


tRa 
Reset 
to Data 
Outputs 
LOW 
- 
20 
- 
22 
- 
25 
ns 


tFRL 
First 
Read 
Latency 
4 
18 
- 
19 
- 
20 
- 
ns 


tFWL 
First Write 
Latency 
5 
18 
- 
19 
- 
20 
- 
ns 


NOTES: 
1. All timing measurements performed at 'AC Test Condition' levels. 
2. 
Value guaran~ed by design; not currently production tes~d. 


3. 
tRSSneed not be met uriess either a rising edge 01 WCK occurs while WEN, and WEN2both are being asserted, or else a rising edge of RCK 
occurs while RENl and REN2 both are being asserted. 


4. 
tFRLis the minimum first-write-to-first read delay, following an empty condition, which is required to assure valid read data. 


5. 
lFWLis the minimum first-read-to-first-write delay, following a full condition, which is required to assure successful writing of data. 


Reset 


The device is reset whenever 
the asynchronous 
reset 
input (RS) is asserted, i.e., taken to a LOW state. A reset 
operation is required after power up, before the first write 
operation 
occurs. The reset operation 
initializes both the 
read 
and 
write 
address 
pointers 
to the first physical 
memo!y'!ocation. 
After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 


Write and/or read operations 
need not be deactivated 
during 
a reset operation, 
but failure 
to do so requires 
observance 
oHhe Reset Setup Time (tRSS)to assure that 
the first write and/or first read following 
reset will occur 
predictably. 


If no read operations 
have been performed following a 
reset operation, then the 'previous data' word being held 
in the output register consists of all zeroes. This data word 
is seen on the output bus (00 - Oa) whenever the output 
enable (OE) is being held LOW. 


Write 


A write operation consists of storing parallel data from 
the data inputs to the FIFO memory array. A write opera- 
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both oHhe edge-sampled 
Write Enable 
inputs (WEN, 
and WEN2) 
are held HIGH for the pre- 
scribed setup times and hold times. Setup times and hold 
times must also be observed for the Data In pins (Do-Da). 


When 
a full condition 
is reached, 
write 
operations 
should be ceased, in order to prevent overwriting 
unread 
data. The state of the four status flags has no direct effect 
on write operations; 
that is, the execution of write opera- 
tions is gated only by WEN, 
and WEN2, and the internal 
logic of the 
LH5492 
itself has no interlock 
to prevent 
overrunning 
valid 
data 
after the 
internal 
write 
pointer 
'wraps around' and catches up to the read pointer - and 
passes it, if writing is continued. 
Figure 10 illustrates how 
such 
an interlock 
may be implemented 
by means 
of 
external connections. 


Following 
the first read operation 
from a full FIFO, 
another memory location becomes freed up, and the Full 
Flag is deasserted 
(FF = HIGH). The next write operation 
should begin no earlier than a First Write Latency time 
(tFV1IL)after the first read operation 
from a full FIFO, in 
order to assure that a correct data word is written into the 
FIFO memory. 


Read 


A read operation 
consists of loading parallel data from 
the FIFO memory 
array to the output 
register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK), whenever 
both of the edge-sampled 
Read 
Enable inputs (RENl 
and REN2) are held HIGH for the 
prescribed 
setup times and hold times. 
Read data be- 


comes valid on the Data Out pins (00 - Oa) by a time tA 
after the ris ng edge of RCK, provided 
that the Output 
Enable (OE) is being held LOW. OE is an assertive-LOW 
asynchronous 
input. When OE is taken LOW, the 00 - Oa 
outputs 
are driven 
(i.e., are in a low-Z 
state) within 
a 
minimum time tQL. When OE is taken HIGH, the 00 - Oa 
outputs are ;n a high-Z state within a maximum time taz. 


When an empty condition 
is reached, read operations 
should 
be ceased, 
until a valid write operation(s) 
has 
loaded additional data into the FIFO. The state oHhe four 
status flags has no direct effect on read operations; 
that 
is, the execution of read operations 
is gated only by REN, 
and REN2, and the internal logic of the LH5492 itself has 
no interlock to prevent underrunning 
valid data after the 
internal read pointer 'wraps around' and catches up to the 
write pointer 
- 
and passes 
it, if reading 
is continued. 
Figure 10 illustrates how such an interlock may be irnple- 
mented by means of external connections. 


Following the first write to an empty FIFO, the Empty 
Flag (EF) is deasserted 
(EF = HIGH). 
The next read 
operation 
should 
begin 
no earlier 
than 
a First Read 
Latency time (tFRL) from the first write operation 
into an 
empty FIFO, in order to ensure that correct 
read data is 
retrieved. 


Status 
Flags 


Status Flags are included for Full (FF), Half-Full (HF), 
Almost-Empty/Full 
(AEF), and Empty (EF). These flags 
are updated at the boundary 
conditions 
given in Table 1 
(page 5-85). Rag transitions 
follow the appropriate 
rising 
clock edge during an enabled read or write operation. The 
AEF flag is asserted whenever the FIFO either is less than 
eight locations away from an empty boundary, or else is 
less than eight locations away from a full boundary. 


A separate indicator for Almost-Empty 
may be gener- 
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full 
may be generated 
by a NOR 
of AEF with HF. From an assertive-HIGH 
perspective, the 
NOR gate effectively 
is performing 
an AND operation 
in 
both of these cases. 


Reset, 
Reread 


The FIFO can be made to reread previously 
read data 
through 
a reset operation, 
which 
initializes 
the internal 
read-address 
and write-address 
pointers to the first physi- 
cal location 
in the 
FIFO 
memory 
(location 
zero). 
The 
status flags are updated to indicate an empty condition; 
but up to 4096 data words which preViously 
had been 
written into and/or read from the FIFO still then remain in 
the FIFO memory array. The status flags may be ignored, 
and data may be reaccessed 
by subsequent 
read opera- 
tions. The First Read Latency 
(tFRL) specification 
does 
not apply to reseVreread 
operations, 
since no new data 
words are being written to the FIFO following 
the reset 
operation. 


WEN" 
WEN2 


NOTES: 
1. Both WEN, and WEN2 must be asserted (HIGH) to enable write operations. 


2. Both REN, and REN2 must be asserted (HIGH) to enable read operations. 


3. EF asserted (LOW) does not prevent further read operations, unless it is tied either to REN, or to REN2. 


4. tFRL (First Read Latency) - The first read following an empty condition may begin no earlier than tFRL 
after the first write to an empty FIFO, to assure valid data is retrieved. This specification does not apply 
to reseUreread applications, in which the status of FIFO flags is ignored. 


5. Immediately following a reset operation, the 'previous data' will be all bits LOW. 


Figure 4. 
Write and Read Operation in a 
Near-Empty Condition 


WCK 


IEH 
tES 
IES 


WEN1, 
WEN2 


tos 
IOH 
IDS 
tOH 


Do' Os 


tFWL 


tOH 


FF 


NOTES: 
1. Both WEN1 and WEN2 must be asserted (HIGH) to enable write operations. 


2. Both REN, and REN2 must be asserted (HIGH) to enable read operations. 


3. FF asserted (LOW) does not prevent further write operations, unless it is tied either 10WEN 1or 10WEN2. 


4. ~L 
(First Write Latency) • The first write following a full condition may begin no earlier than ~L 
after the firsl read from a full FIFO, in order to ensure that valid read data is retrieved. 


Figure 5. 
Read and Write Operation 
in a 
Near-Full Condition 
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IRSS 
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NOTES: 


1. ~c is measured with OE held LOW. 


2. ~ss need nol be mel unless the rising edge of WCK and/or RCK occurs while lhal clock is enabled. 
RS operates whather or not WEN, and WEN2• and/or REN1 and REN2• are being asserted. 


NOTES: 
1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than half-full. 
__ 
2. An Almost-Empty flag AE may be implemented, using external logic according to AE : AEF . HF : AEF + HF. 


VALID WRITE 
VAUD READ 
FLAG STATUS 
CYCLES REMAINING 
CYCLES REMAINING 
EF 
AEF 
HF 
FF 
min 
max 
min 
max 


0 
0 
1 
1 
4096 
4096 
0 
0 


1 
0 
1 
1 
4089 
4095 
1 
7 


1 
1 
1 
1 
2048 
4088 
8 
2047 


1 
1 
0 
1 
8 
2047 
2048 
4088 


1 
0 
0 
1 
1 
7 
4089 
4095 


1 
0 
0 
0 
0 
0 
4096 
4096 


""~ 


IEH 


IES 


REN,. 
REN2 


NOTES: 


1. HF is lOW whenever the FIFO is almost·full. since then it also is more than half-full. 


2. An Almost-Full flag AF may be implemented, using external logic according to AF '" AEF . HF = AEF + HF. 


WCK 


WEN, 
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FF 
EF 


00.08 
00.08 
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OE 
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OPERATIONAL MODES 


Synchronous 
Read and Write 
Operations 


Read and Write operations 
may be performed 
in syn- 
chronism with each other by deriving WCK and RCK from 
a common system clock. In this case, the Write Enable 
(WEN1 and WEN2) and Read Enable (REN1 and REN2) 
inputs all get sampled at the same clock rising edge. 


This type of synchronous 
read/write operation ensures 
that flag outputs 
always 
satisfy the required 
setup and 
hold times for the WEN" 
WEN2, REN" 
and REN2 inputs. 
Thus, the Full Flag output 
(FF) may be tied directly to 
either WEN1 or WEN2, to prevent 'overrun' write opera- 
tions when the full condition 
is reached, while the other 
Write Enable input remains available for system control. 
Likewise, the Empty Flag output (EF) may be tied directly 
to either REN1 or REN2, to prevent 
'underrun' 
read op- 
erations when the empty condition 
is reached, while the 
other 
Read Enable 
input remains 
available 
for system 
control. 


Asynchronous 
Read and Write 
Operations 


Write operations 
and read operations 
also may be 
performed 
completely 
asynchronously, 
relative to each 
other, when the WCK input and the RCK input are derived 


from the clock signals of different systems. 
Under these 
conditions, 
status-flag 
transitions 
occur 
relative to two 
unpredictably-related 
clock edges. Therefore, these flags 
should not be used to drive Write Enable or Read Enable 
inputs dimctly, since they do not always satisfy valid setup 
times and hold times. 


Instead, it is recommended 
that these enable signals 
be controlled by the user, in order to ensure that adequate 
setup times and hold times are maintained. 
If the FIFO 
becomes either completely 
full or completely 
empty, then 
some synchronization 
between read and write operations 
at the full or empty boundaries 
becomes 
necessary 
to 
prevent timing violations. 


When the FIFO is operating in this manner, the Almost- 
Empty/Full 
flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning 
or 
underruning 
a FIFO internal 
boundary. 
Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, 
a predefined 
block of data then may be transferred 
at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries 
are never 
reached, 
and yet maximum 
data throughput 
is main- 
tained. 


WRITE CLOCK 
WCK 
RCK . 
READ CLOCK 


WRITE ENABLE 
WEN, 
REN, ] 


READ ENABLE 
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FULL 
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RESET 
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OPERATIONAL MODES (cont'd) 


Depth Expansion 


Increased 
FIFO depth may be realized by using mul- 
tiple LH5492 devices. The availability of two enable con- 
trol inputs for each port assists 
in this expansion. 
For 
either the input port or the output port, one enable input 
may be used for system control, while the other is driven 


by decode 
logic to direct the flow of data. Typically, this 
decode 
logic alternates 
accesses 
sequentially 
from one 
device to the next. Status flags are then derived from the 
last device 
in the sequence. 
The simplest 
form of this 
decode 
logic consists 
of a single toggle 
flipflop, 
which 
atternates access between two devices for every enabled 
clock cycle as shown in Figure 13. 
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OPERATIONAL MODES (cont'd) 


Interface Between Different Bus Widths 


Applications which require interface between system 
buses of different word widths also may be implemented 
with multiple LH5492 devices. Essentially, one port may 


be configured for greater FIFO depth. while the other port 
is configured for greater word width. Referring to Figures 
14 and 15, the wide-word port accesses data simultane- 
ously from multiple devices. while the narrow-word port 
uses decode logic to direct the flow of data between two 
or more devices. 
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OPERATIONAL MODES (cont'd) 


Bidirectional 
Operation 


Applications 
which require bidirectional 
data buffering 
between 
two 
systems 
may 
be realized 
by operating 
LH5492 devices in parallel, but in opposite directions. The 
Data In pins of one device may be tied to the correspond- 
ing Data Out pins of another 
device 
operating 
in the 
opposite direction, to form a sin Ie bidirectional 
bus inter- 
face. Care must be taken to assure that the appropriate 
clock, enable, and flag signals are routed to each system. 


The extra enable control signals may be used to extend 
FIFO depth, or to interface bidirectional 
buses of different 
word widths. 


Width 
Expansion 


Any of the previously 
described 
applications 
can be 
extended 
in word width 
by operating 
groups 
of these 
device configurations 
in parallel. 
The enable setup and 
hold times should be satisfied for all devices, 
in order to 
ensure that all width-expanded 
devices 
respond 
identi- 
cally to the same sequence 
of events. 
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Figure 
16. 
Bidirectional 
Operation 
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32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 


LH5493 


• 
Fast Cycle Times: 
30/35 ns 
Frequency: 
33/28.5 MHz 


• 
Parallel Data In; Serial Data and/or Parallel Data Out 


• 
Serial Input and Serial Shift Capability 
in Output 
Register, for Long-Word-Length 
Parallel-to-Serial 
Operations 


• 
Read Enable Input and Two Write Enable 
Inputs, Sampled 
on Rising Edge of the Appropriate 
Clock 


• 
Fast-Fall-Through 
Time Internal Architecture 
Based 
on CMOS Dual-Port SRAM TE~hnology, 4096 x 9 


• 
Fully Asynchronous 
Read and Write Operations 


• 
Full, Half-Full, Almost-Empty/Full, 
and 
Empty Flags 


• 
Reset/Reread 
Capability 


• 
TTUCMOS-Compatible 
I/O 


• 
32-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The 
LH5493 
is a FIFO 
(First-In, 
First-Out) 
memory 
device, 
based 
on fully-static 
CMOS 
RAM technology, 
capable 
of containing 
up to 4096 nine-bit words. 
One 
LH5493 
FIFO can input nine-bit bytes; and it can either 
output 
nine-bit 
bytes in parallel, 
or else output a serial 
bitstream. 
Thus, a single LH5493 is capable of nine-bit- 
to-one-bit 
PISO (Parallel-In, 
Seria I-Out) operation. 


An LH5493 has one 9-bit parallel input (write) port, and 
one nine-bit parallel output (read) port. And there is one 
one-bit serial input, which supports 
paralleling 
LH5493s 
for greater-word-width 
PISO operation. 
This serial input 
also allows additional control bits to be inserted at will into 
the serial output bitstream. There is no serial output port 
as such; 
any individual bit position in the parallel output 
register 
may be chosen 
as the serial-output 
data path, 
according 
to the desired 
time prase 
of the output bit- 
stream. 


The LH5493 architecture 
supports 
a very convenient 
method of paralleling 
multiple FIFOs for PISO operation, 
without 
any additional 
logic being 
needed, 
in order to 
achieve a wider 'effective 
FIFO: The paralleled 
LH5493 
combination 
remains 
capable 
of performing 
all of the 
operations 
which 
a standalone 
I_H5493 can 
perform. 


Thus, if two LH5493s are paralleled, the combination 
can 
input 
18-bit halfwords; 
and 
it can either 
output 
18-bit 
halfwords, 
or else output a serial bitstream 
for 18-bit-to- 
1-bil PISO operation. 
This paralleling 
scheme 
extends 
without change to an arbitrary number of LH5493s. 


The LH5493 
architecture 
supports 
synchronous 
op- 


eration, tied to two independentfree-running 
clocks atthe 
input 
and 
output 
ports 
respectively. 
However, 
these 
'clocks' also may be aperiodic, 
asynchronous 
'demand' 
signals; they do not need to be synchronized 
with each 
other 
in any way. Almost 
all control 
input signals 
and 
status output signals are synchronized 
to these clocks, to 
simplify system design. The input and output ports oper- 
ate altogether independently 
of each other, except when 
the FIFO becomes 
either totally full or else totally empty. 


Two E){jge-sampled enable control inputs, WEN1 and 
WEN2, 
are provided 
for the input port; and one such 
control input, REN, is provided for the output port. These 
synchronous 
control 
inputs may be used as write de- 


mands and read demands respectively, when an LH5493 
is interfaced 
to continuously-clocked 
synchronous 
sys- 
tems. Data flow is initiated at a port by the rising edge of 
the clock signal corresponding 
to that port, and is gated 
only by the appropriate 
edge-sampled 
enable 
control 
input signal(s). 
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FUNCTIONAL DESCRIPTION (cont'd) 


The following 
FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, 
and Empty. The Almost-Empty/Full 
flag is asserted 
whenever 
the internal memory is either 
within eight locations of 'empty; 
or else within eight loca- 
tions of 'full.' The Half-Full flag serves to distinguish 
the 
'almost-empty' 
condition 
from the 'almost-full' 
condition. 


Also, during 
fully-synchronous 
operation, 
the Full flag 


DATA IN 
Do - 08 


WCK 
WEN, 
WEN2 


INPUT 
PORT 
CONTROL 
LOGIC 


AS 
- 1__ R_E5_E_T_ 
~ 
LOGIC 


may be tiElddirectly to WEN1 or to WEN2, and the Empty 
flag likewise may be tied directly 
to REN, 
in order to 
prevent 
overrunning 
or underrunning 
the internal 
FIFO 
boundaries. 
(See Figure 11.) 


Alternatively, 
the enabling 
of write or read operations 
may be controlled entirely by external system logic, while 
the flags serve strictly as system interrupts. This design 
approach 
works well when the input port clock and the 
output pOl1clock are not synchronized 
to each other. 


RS 


WCK 


RCK 


SI 


00-08 


00-08 


LD/SH 


FF 
HF 


AEF 


EF 


DATA OUT 
00-08 


51 


RCK 


REN 
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PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
Vto 7 V 


Signal Pin Voltage to Vss Poteltial3 
-0.5 
V to Vee + 0.5 V 


DC Output Current 2 
±40 
mA 


Storage Temperature 
Range 
-650C 
to 1500C 


Power Dissipation 
(Package 
Lillit) 
1.0W 


NOTES: 
1. 
Stresses greater than those listed U11der'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional "peration of the device at these or any other conditions outside those indicated in the 'Operating Range' 
of this specification is not implied. Ex posure to absolute maximum rating conditions for extended periods may affect reliability. 


2. 
Outputs should not be shorted for m,'re than 30 seconds. No more than one outpul should be shorted at any time. 


3. 
Negative undershoot of 1.5 V in amplitude is permitted for up to 10 ns, once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT I 


TA 
Temperature, 
Ambien: 
0 
70 
°C 


Vee 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.2 
Vee + 0.5 
V 


NOTE: 
1. 
Negative undershoot of 1.5 V in amp itude is permitted for up to 10 ns once per cyce. 


SYMBOL 
PARAMETER 
TESTeONOmONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Curren: 
Vec = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
J.1A 


VOL 
Output LOW Vo~age 
IOL= 8.0 mA 
0.4 
V 


VOH 
Output HIGH Voltage 
IOH= -2.0 
mA 
2.4 
V 


Ice 
Average Supply Current 1 
Measured at fc = max 
150 
mA 


lee2 
Average Standby Current 1 
All Inputs = VIH 
25 
mA 


NOTE: 
1. 
Icc and Icc2 are dependent upon acb.al output loading and cycle rates. Specified values are with outputs open; 
and, lor Ice. operating at minimum cy ~e times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


DEVICE 
UNDER 
TEST 


PARAMETER 
RATING 


CIN (Input Capacitance) 
7pF 


Co (Output Capacitance) 
7pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances are maximum values at 25°C, measured at 1.0MHz with V,N = 0 V. 


-25 
-30 
-35 
SYMBOL 
I)ESCRIPTION 
UNIT 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fc 
Cycle Frequency 
.- 
40 
- 
33.3 
- 
28.5 
MHz 


twc 
Write Clock Cycle Ti ne 
25 
- 
30 
- 
35 
- 
ns 


twH 
Write Clock HIGH Ti ne 
10 
- 
12 
- 
14 
- 
ns 


twL 
Write Clock LOW Tirle 
10 
- 
12 
- 
14 
- 
ns 


tRC 
Read Clock Cycle Ti ne 
25 
- 
30 
- 
35 
- 
ns 


tRH 
Read Clock HIGH Ti ne 
10 
- 
12 
- 
14 
- 
ns 


tRL 
Read Clock LOW Tir1e 
10 
- 
12 
- 
14 
- 
ns 


tos 
Data Setup Time to Ilising 
Clock 
10 
- 
10 
- 
10 
- 
ns 


tOH 
Data Hold Time from Rising Clock 
0 
- 
0 
- 
0 
- 
ns 


tES 
Enable Setup Time t) Rising Clock 
10 
- 
10 
- 
10 
- 
ns 


tEH 
Enable Hold Time frem Rising Clock 
0 
- 
0 
- 
0 
- 
ns 


tA 
Data Output Access Time 
-- 
20 
- 
22 
- 
25 
ns 


tOH 
Output Hold Time from Rising RCK 
5 
- 
5 
- 
5 
- 
ns 


tEF 
Clock to Empty Flag Valid 
- 
20 
- 
22 
- 
25 
ns 


tFF 
Clock to Full Flag Va id 
- 
20 
- 
22 
- 
25 
ns 


tHF 
Clock to Half-Full Fla~ Valid 
_. 
35 
- 
37 
- 
40 
ns 


tAEF 
Clock to AEF Flag Valid 
- 
35 
- 
37 
- 
40 
ns 


tRS 
Reset Pulse Width 
25 
- 
30 
- 
35 
- 
ns 


tRSS 
Reset Setup Time 3 
10 
- 
12 
- 
15 
- 
ns 


tRF 
Reset LOW to Flag Valid 
- 
30 
- 
32 
- 
35 
ns 


tRQ 
Reset to Data Outputs LOW 
- 
20 
- 
22 
- 
25 
ns 


tFRL 
First Read Latency 4 
18 
- 
19 
- 
20 
- 
ns 


tFWL 
First Write Latency 5 
18 
- 
19 
- 
20 
- 
ns 


NOTES: 
1. 
All timing measurements performed at AC Test Condition' levels. 


2. 
Value guaranteed by design; not curre"Uy production tested. 


3. 
lAss need not be met unless either a ri, ing edge of WCKoccurs while WEN,and WEN2both are being asserted, or else a rising edge of RCK 
occurs while RENis being asserted. 


4. 
lFRLis the minimum first-write-to-first-read delay, following an empty condition, which is required to assure valid read data. 


5. 
lFWLis the minimum first-read-to-first-wite 
delay, following a full condtion, which is required to assure successful write. 


Reset 


The device is reset whenever 
the asynchronous 
reset 
input (RS) is asserted, I.e., taken to a LOW state. A reset 
operation 
is required after power up, before the first write 
operation 
occurs. The reset operation initializes both the 
read 
and 
write 
address 
pointers 
to the first physical 
mem0!y"'!0cation. 
After the falling edge of RS, the status 
flags (FF, HF, AEF, and EF) are updated to indicate a 
valid empty condition. 


Read, shift, and/or write operations 
need not be deac- 
tivated during a reset operation. However, failure to do so 
requires observance 
of the Reset Setup Time (tASS), to 
assure that the first write and/or first read following a reset 
operation will occur predictably. 


If no read operations 
have been performed following a 
reset operation, then the 'previous data' word being held 
in the output register and seen on the output bus (00 - 
Os) consists of all zeroes. 


Write 


A write operation consists of storing parallel data from 
the data inputs to the FIFO memory array. A write opera- 
tion is initiated on the rising edge of the Write Clock input 
(WCK), whenever both olthe edge-sampled 
Write Enable 
inputs (WEN1 and WEN2) 
are held HIGH for the pre- 
scribed setup times and hold times. Setup times and hold 
times 
must 
also 
be observed 
for the 
Data 
In inputs 
(Do-Os). 


When 
a full condition 
is reached, 
write 
operations 
should be ceased, in order to prevent overwriting 
unread 
data. The state of the status flags has no direct effect on 
write operations; 
that is, the execution of write operations 
is gated only by WEN1 and WEN2, and the internal logic 
of the LH5493 itself has no interlock to prevent overrun- 
ning valid 
data 
after 
the 
internal 
write 
pointer 
'wraps 
around' and catches up to the read pointer - and passes 
it, if writing is continued. 
Figure 11 illustrates how such an 
interlock 
may 
be 
implemented 
by means 
of external 
connections. 


Following 
the first read operation 
from a full FIFO, 
another memory location is freed up, and the Full Flag is 
deasserted 
(FF = HIGH). The first write operation should 
begin no earlier than a First Write Latency (tFWL)after the 
first read operation 
from a full FIFO, in order to ensure 
that the write operation 
is successful. 


Read 


A read operation consists of loading parallel data from 
the FIFO 
memory 
array to the output 
register. A read 
operation is initiated on the rising edge of the Read Clock 
input 
(RCK), 
whenever 
both the edge-sampled 
Read 
Enable input (REN) and the Load/Shift input (LD/SH) are 
held HIGH for the prescribed 
setup times and hold times. 
Read 
data 
becomes 
valid 
at the 
Data 
Out 
outputs 


(00 - Ou) by a time tA after the rising edge of RCK. A shift 
of data in the output register is performed whenever 
REN 
is held HIGH and LD/SH is held LOW on the rising edge 
of RCK. Data is shifted 
in the MSB-to-LSB 
direction, with 
data from the Serial Input (SI) replacing 
the contents 
of 
bit position Os. 


When an empty condition 
is reached, read operations 
should 
be ceased, 
until a valid write 
operation(s) 
has 
loaded additional data into the FIFO. The state of the four 
status flags has no direct effect on read or shift operations; 
that is, the execution 
of read or shift operations 
is gated 
only by REN and LD/SH, 
and the internal 
logic of the 
LH5493 
itself has no interlock 
to prevent 
underrunning 
valid data after the internal read pointer catches up to the 
write pointer 
- 
and passes 
it, if reading 
is continued. 


Figure 11 illustrates how such an interlock may be imple- 
mented by means of external connections. 


When an empty condition is reached, shift operations 
may continue; but read operations should be ceased, until 
a valid write operation(s) 
has loaded additional data into 
the FIFO. Following the first write to an empty FIFO, the 
Empty Flag will bedeasserted 
(EF = HIGH). The first read 
operation 
should 
begin 
no earlier 
than 
a First 
Read 
Latency time (tFRLl from the first write to an empty FIFO, 
in order to ensure that correct read data is retrieved. 


Status 
Flags 


The following four status flags are included: 
Full (FF), 


Half-Full (HF), Almost-Empty/Full 
(AEF), and Empty (EF). 


These flags are updated atthe boundary conditions given 
in Table 
(page 5-1 04). Flag transitions follow the appro- 
priate rising clock edge during an enabled 
read or write 
operation. The AEF flag is asserted whenever 
the FIFO 
either is less than eight locations 
away 
from an empty 
boundary, or else is less than eight locations away from 
a full boundary. 


A separate 
indicator for Almost-Empty 
may be gener- 
ated by a logical NOR of AEF with the inversion of HF. 
An indicator for Almost-Full 
may be generated 
by a NOR 
of AEF with HF. From an assertive-HIGH 
perspective, 
the 
NOR gate effectively 
is performing 
an AND operation 
in 
both of these cases. 


Reset, 
Reread 


The FIFO may be made to reread previo usly-read data 
by means of a reset operation, which initializes the inter- 
nal read and write address pointers to the first physical 
location in the FIFO memory 
(location zero). The status 
flags are updated to indicate an empty condition; 
but up 
to 4096 words 
of old data, which 
previously 
had been 
written into and/or read from the FIFO, still remain in the 
memory array. The status flags may be ignored, and data 
may be reaccessed 
by subsequent 
read operations. The 
First Read Latency (tFRL) specification 
does not apply to 
reset/reread 
operations, 
since 
no new data words 
are 
being written to the FIFO following the reset operation. 


00- 
Os xxxxxxxx 


NOTES: 


1. Both WEN, and WEN2 must be lSserted (HIGH) to enable write operations. 
2. Both REN and lO/SH must be a lSerted (HIGH) to enable read operations. 
3. EF being asserted (lOW) does I ot prevent further read operations, unless it is tied to REN. 


4. tFRL (First Read latency) 
- The I rst read following an empty condition may be<Jinno earlier than tFRLafter 
the first write to an empty FIFO, ~ order to ensure that valid data is retrieved. This specification 
does not apply to reseUreread "I plications, in which the status of FIFO flags is ignored. 


Figure 4. 
Write and Read Operation 
in a 
Near-Empty 
Condition 
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NOTES: 


1. Both WEN, and WEN2 must be asserted (HIGH) to enable write operations. 
2. Both REN and LDISH must be asserted (HIGH) to enable read operations. 
3. FF being asserted (LOW) does not prevent further write operations, unless it is tied either to WEN, or to WEN2. 


4. tFWl (First Write Latency) - The first write following a full oondition may begin no earlier than tFWLafter 
the first read from a full FIFO, in order to ensure that valid read data is retrievecl. 


Figure 5. 
Write and Read Operation 
in a 
Near-Full Condition 
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Figure 6. 
Serial ShiWRead l1ming 
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NOTES: 


1. I RSSneed not be mel unless Ihe rising edge of WCK and/or RCK occurs while thaI clock 
is enabled. RS operates whether or not WEN, and WEN2, and/or REN, are being asserted. 
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NOTES: 


1. HF is HIGH whenever the FIFO i , almost-empty. since then it also is less than hail-lull. 


2. An Almost-Empty flag AE may bt 
implemented. using external logic according to AE - AEF . HF - AEF + HF. 


FLAG S' ATUS 
VALID WRITE 
VALID READ 
CYCLES REMAINING 
CYCLES REMAINING 


EF 
AEF 
HF 
FF 
min 
max 
min 
max 


0 
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1 
4096 
4096 
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too 


HF 
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NOTES: 


1. HF is LOW whenever 
the FIFO is almost-full, 
since then it also is more than half-full. 


2. An Almost-Full flag AF may be implemented, using external logic according to AF = AEF • HF = AEF + HF. 
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Synchronous 
Write and Ree d Operations 


Read and write operations 
Inay be performed 
in syn- 
chronism with each other by deiving 
WCK and RCK from 
a common system clock. In th s case, the Write Enable 
(WEN1 and WEN2), Read Ena >Ie(REN), and Load/Shift 
(LD/SH) 
inputs all get sample< 
at the same clock rising 
edge. 


FLLL 


DATA IN 


HA.F 


ALMOST-E F 


This type of synchronous 
readlwrite operation ensures 
that flag outputs always 
satisfy the required 
setup and 
hold times for the WEN1, WEN2, and REN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN1 or 
WEN2, to prevent 'overrun' write operations 
after the full 
condition 
is reached, while the other Write Enable input 
remains available for system control. Likewise, the Empty 
Flag output (EF) may be tied directly to REN, to prevent 
'underrun' 
read operations 
after the empty condition 
is 
reached. 


WCK 
RCK 
READ CLOCK 


WEN1 
LD/SH 
LOAD/SHIFT DATA 


WEN2 
REN 
READ ENABLE 


FF 
EF 
. 
EMPTY 


Do· DS 
°o·Os 
DATA OUT 
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OPERATIONAL MODES (cont'd) 


Asynchronous 
Write and Read Operations 


Write 
operations 
and read 
operations 
may be per- 


formed completely 
asynchronously 
with respect to each 
other, when the WCK input and the RCK input are derived 
from the clock signals of different systems. 
Under these 
conditions, 
status-flag 
transitions 
occur 
relative 
to two 
unpredictably-related 
clock edges. Therefore, these flags 
should not be used to drive Write Enable or Read Enable 
inputs directly, since they do not always satisfy valid setup 
times and hold times. 


Instead, it is recommended 
that these enable signals 
be controlled 
by the user to ensure that adequate setup 
limes and hold times are maintained. 
If the FIFO becomes 


WRITE CLOCK 


WRITE ENABLE 


either completely 
full or completely 
empty, 
then some 
synchronization 
between read and write operations at the 
full or empty boundaries 
becomes 
necessary 
to prevent 
timing violations. 


When the FIFO is operating in this manner, the Almost- 
Empty/Full 
flag and the Half-Full flag should be used to 
provide some advance warning, to avoid overrunning 
or 
underrunning 
a FIFO internal boundary. Typically, these 
flags are used as system interrupts. When an interrupt is 
received by the faster of the two systems, 
a predefined 
block of data then may be transferred 
at the maximum 
data rate, as long as there is known to be sufficient room 
for it. In this way the full and empty boundaries 
are never 
reached, 
and yet maximum 
data throughput 
is main- 
tained. 


J--- ALMOST-FULL 


OPERATIONAL MODES [cont'd) 


Paralleled 
Operation 


In paralleled operation, two 01 more LH5493 FIFOs are 
chained together into a wider 'e fective FIFO.' The Serial 
Input (SI) of the first device 
in the chain serves as the 
'effective-FIFO' 
serial 
input. n s 'effective-FIFO' 
serial 
input may be used to insert addi ional control bits into the 
serial data stream, 
or may be ted 
to a permanent 
logic 
LOW or HIGH signal 
if unused. 
The 
SI input of each 
subsequent 
device is connected 
to one of the Data Out 
outputs 
(08 - 00) of the prece< 'ing device in the chain. 


The final 'effective-FIFO' 
seriaillutput 
bitstream 
is taken 
from one of the Data Out output.; of the last device in the 
chain. By choosing different Oat lOut 
pins, an additional 
one to nine bits of width can be Idded per device. 


In 'paralleled' 
operation, the", rite enable inputs WEN1 
and WEN2, and the read enable i 1put REN, may be made 
common 
for all devices. 
Since there are multiple write 


enable inputs, one of them on each FIFO device may be 
crosscoupled 
to the Full Flag on another FIFO device, or 
to the logic AND of several such Full Flags, in order to 
prevent 
any individual 
FIFO device 
from getting 
out of 
synchronization 
with 
the overall 
'effective 
FIFO.' 
The 
approach is analogous 
to the method shown in Figure 11 
for preventing 
an LH5493 
from overrunning 
its internal 
FIFO boundaries. 
Implementing 
theequivalent 
measures 
during reading always requires some external logic, since 
each LH5493 has just one read enable input. 


Word widths do not have to be a multiple of nine. For 
instance, 
making the following 
changes 
to the circuit of 
Figure '13 adapts it to handle 16-bit parallel data in. The 
Do input and the 00 output need not be used for either 
LH5493. 
The 
01 
output 
of the LH5493 
on the left is 
connected 
to the SI input of the LH5493 on the right; and 
the 01 output of the LH5493 
on the right becomes 
the 
main 'Serial Data our 
output. 
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LH5493 
Device Type 
U 
-## 
Package 
Speed 
L(~~ 
Cyd. TIm. ("'I 


32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 


LH5494 


• 
Fast Cycle Times: 
30/35 ns 
Frequency: 
33/28.5 MHz 


• 
Serial Data In; Parallel Data Jut 


• 
Serial Output for Cascading 
nput Register 


• 
Two Read Enable Inputs an< One Write Enable 
Input, Sampled on Rising Ed ~e of the Appropriate 
Clock 


• 
Fast-Fall-Through 
Time Inter lal Architecture 
Based 
on CMOS Dual-Port 
RAM Te :hnology, 
4096 x 9 


• 
FUlly Asynchronous 
Read an j Write Operations 


• 
Full, Half-Full, Almost-Empty/Full, 
and Empty Flags 


• 
Three-State 
Outputs with Ou put Enable 


• 
Reset/Reread 
Capability 


• 
TIL 
and CMOS Compatible 
I 0 


• 
32-Pin PLCC Package 


FUNCTIONAL DESCRIPllON 


The LH5494 
is a FIFO 
(First-In, 
First-Out) 
memory 
device, 
based 
on fully-static 
C viOS RAM technology, 


capable 
of containing 
up to 40 l6 nine-bit words. 
One 
LH5494 
FIFO can input a serial bitstream, 
and output 
nine-bit bytes in parallel. Thus, as ngle LH5494 is capable 
ofnine-bit-to-one-bitSIPO 
(Seria ·In, Parallel-Out) opera- 
tion. 


An LH5494 
has one 
one-bit 
serial 
input, 
and 
one 
nine-bit 
parallel 
output 
(read) 
~ort. And there 
is one 
one-bit serial output, which SUPP(rts paralleling LH5494s 
for greater-word-width 
SI PO opel ation. This serial output 
also allows additional control bits 0 be inserted at will into 
the serial output bitstream. 


The LH5494 architecture 
supf: orts a very convenient 
method of paralleling 
multiple FIF Ds for SIPO operation, 
without 
any additional 
logic beir g needed, 
in order to 
achieve a wider 'effective 
FIFO: 
rhe paralleled 
LH5494 
combination 
remains 
capable 
of performing 
all of the 
operations 
which 
a standalone 
LH5494 
can 
perform. 


Thus, if two LH5494s are parallele d, the combination 
can 
input a serial bitstream 
and outp ut 18·bit halfwords 
for 
1-bit-to-18-bit 
SIPO operation. 
Tllis 
paralleling 
scheme 
extends 
without 
change 
to 
an 
arbitrary 
number 
of 
LH5494s. 


The LH5494 
architecture 
supports 
synchronous 
op- 


eration, tied to two independent 
free-running 
clocks at the 
input 
and 
output 
ports 
respectively. 
However, 
these 


'clocks' also may be aperiodic, 
asynchronous 
'demand' 
signals; they do not need to be synchronized 
with each 
other 
in any way. Almost 
all control 
input signals 
and 
status output signals are synchronized 
to these clocks, to 
simplify system design. The input and output ports oper- 
ate altogether independently 
of each other, except when 
the FIFO becomes either totally full or else totally empty. 


One edge-sampled 
enable control input, WEN, is pro- 


vided forthe input port; and two such control inputs, RENl 
and REN2, are provided for the output port. These syn- 
chronous 
control inputs may be used as write demands 
and 
read 
demands 
respectively, 
when 
an LH5494 
is 
interfaced to continuously-clocked 
synchronous 
systems. 


Data flow is initiated at a port by the rising edge of the 
clock signal corresponding 
to that port, and is gated only 
by the appropriate 
edge-sampled 
enable 
control 
input 
signal(s). 


The following 
FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Half-Full, 
Almost-Empty/Full, 
and Empty. The Almost-Empty/Full 
flag is asserted whenever 
the internal memory 
is either 
within eight locations of 'empty: or else within eight loca- 
tions of 'full.' The Half-Full flag serves to distinguish 
the 


'almost-empty' 
condition 
from the 'almost-full' 
condition. 


Also, during 
fully-synchronous 
operation, 
the Full flag 


~ 
Z FI: 


o 
0 
Iu..u.. 
g 0 
w 
i!:l 
z 
CIl 
>;;:;;:..J 


1 
30 
• 
NC 
NC 
NC 
NC 
NC 
NC 


RS 
Sl 


AEF 
HF 
00 
o. 
0, 
07 
O2 
O. 
03 
05 


~ '" 
z z 
w w 
II: 
II: 


may be tied directly to WEN, and the Empty flag likewise 
may be tied directly 
to REN1 or to REN2. in order to 
prevent 
overrunning 
or underrunning 
the internal 
FIFO 
boundaries. 
(See Figure 11.) 


Alternatively, 
the enabling 
of write or read operations 
may be controlled entirely by external system logic, while 
the flags serve strictly as system interrupts. This design 
approach 
works well when the input port ciock and the 
output port clock are not synchronized 
to each other 
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PARAMETER 
RATING 


Supply Voltage to Vss Poten1 al 
-0.5 
V to 7 V 


Signal Pin Voltage to Vss Pol ential3 
-0.5 
V to Vee + 0.5 V 


DC Output Current 2 
±40mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
l.imit) 
1.0W 


NOTES: 
1. 
Stresses greater than those listed I nder 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Function< operation of the device at these or any other conditions outside those indicated in the 'Operating Range' 
of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
2. 
Outputs should not be shorted for r 'ore than 30 seconds. No more than one output should be shorted at any time. 


3. 
Negative undershoots of 1.5 V in a nplilUde are permitted for up to 10 ns, once per cycle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Amb ent 
0 
70 
°C 


Vec 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


Vll 
Logic LOW Input \I~ltage 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input \ oltage 
2.2 
Vce + 0.5 
V 


NOTE: 
1. 
Negative undershoots of 1.5 V in ar plilUde are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETErl 
TESTeONDmONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIH = 0 V to Vcc 
-10 
10 
J.1A 


ILO 
Output Leakage Cl rrent 
OE ~ VIH, 0 V ~ VOUT~Vce 
-10 
10 
J.1A 


VOL 
Output LOW Volta~ e 
IOl= 
8.0 mA 
0.4 
V 


VOH 
Output HIGH Volta\ e 
IOH= -2.0 
mA 
2.4 
V 


Ice 
Average Supply Cu'rent 
1 
Measured 
at fe = max 
150 
mA 


lee2 
Average Standby Current 
1 
All Inputs = VIH 
25 
mA 


NOTE: 
1. 
Ice and Icc2 are dependent upcn ac Jal output loading and cycle rates. Specified values are with outputs open; 
and, for Icc, operating at minimum c cle times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (1O°lc to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 3 


DEVICE 
UNDER 
TEST 


PARAMETER 
RATING 


C,N (Input 
Capacitance 
7 pF 


Co (Output 
Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitancesare maximumvalues at 25°C, measured at 1.OMHzwith V'N= 0 V. 


DESCRIPTION 
-25 
-30 
-35 
UNIT 
SYMBOL 
MIN 
MAX 
MIN 
MAX 
MIN 
MAX 


fc 
Cycle 
Frequency 
- 
40 
- 
33.3 
- 
28.5 
MHz 


twc 
Write 
Clock 
Cycle 
Time 
25 
- 
30 
- 
35 
- 
ns 


twH 
Write 
Clock 
HIGH 
Time 
10 
- 
12 
- 
14 
- 
ns 


twl 
Write 
Clock 
LOW Time 
10 
- 
12 
- 
14 
- 
ns 


tRC 
Read 
Clock 
Cycle Time 
25 
- 
25 
- 
35 
- 
ns 


tRH 
Read 
Clock 
HIGH Time 
10 
- 
10 
- 
14 
- 
ns 


tRl 
Read 
Clock 
LOW Time 
10 
- 
10 
- 
14 
- 
ns 


tos 
Data Setup 
Time to Rising 
Clock 
10 
- 
10 
- 
10 
- 
ns 


tOH 
Data Hold Time from Rising 
Clock 
0 
- 
0 
- 
0 
- 
ns 


tES 
Enable 
Setup 
Time 
to Rising 
Clock 
10 
- 
10 
- 
10 
- 
ns 


tEH 
Enable 
Hold Time from 
Rising 
Clock 
0 
- 
0 
- 
0 
- 
ns 


fA 
Data Output 
Access 
Time 
- 
20 
- 
22 
- 
25 
ns 


!sA 
Serial 
Output 
Access 
Time 
- 
20 
- 
22 
- 
25 
ns 


tOH 
Output 
Hold Time from Rising 
RCK 
5 
- 
5 
- 
5 
- 
ns 


tOl 
OE to Data Outputs 
Low-Z 
2 
1 
- 
1 
- 
1 
- 
ns 


toz 
OE to Data Outputs 
High-Z 
2 
- 
10 
- 
11 
- 
12 
ns 


tOE 
Output 
Enable 
to Data Valid 
- 
10 
- 
11 
- 
12 
ns 


tEF 
Clock 
to Empty 
Flag Valid 
- 
20 
- 
22 
- 
25 
ns 


tFF 
Clock 
to Full Flag Valid 
- 
20 
- 
22 
- 
25 
ns 


tHF 
Clock 
to Half Flag Valid 
- 
35 
- 
37 
- 
40 
ns 


IAEF 
Clock 
to AEF Flag Valid 
- 
35 
- 
37 
- 
40 
ns 


tRS 
Reset 
Pulse 
Width 
2'- 
- 
30 
- 
35 
- 
ns 
.) 


tASS 
Reset 
Setup 
Time 
3 
10 
- 
12 
- 
15 
- 
ns 


tRF 
Reset 
LOW to Flag Valid 
- 
30 
- 
32 
- 
35 
ns 


tRO 
Reset to Data Outputs 
LOW 
- 
20 
- 
22 
- 
25 
ns 


tFRl 
First Read Latency 
4 
18 
- 
19 
- 
20 
- 
ns 


tFWL 
First Write 
Latency 
5 
18 
- 
19 
- 
20 
- 
ns 


NOTES: 
1. All timing measurements performed at 'AC Test Condition'levels. 
2. 
Valueguaranteed by design; not currently production tested. 


3. 
lAss need not be met unless either a rising edge of WCKoccurs while WEN is being asserted, or else a risingedge of RCK occurs while REN, 
and REN2both are being asserted. 


4. 
IFRL is the minimum first-write-lo-first-readdelay, followingan empty condition, which is required to assure valid read data. 


5. 
IFw.. is the minimum first-read-to-first-Writedelay, followinga fullcondition,which is roquired to assure successful writing of data. 


OPERATIONAL DESCRU'TION 


Reset 


The device is reset whenever 
he asynchronous 
Reset 
input (RS) is asserted, Le., taker to a LOW state. A reset 
operation is required after power up, before the first write 
operation 
occurs. The reset ope ation initializes both the 
read 
and 
write 
address 
pointe'S 
to the 
first physical 
mem0!y"!0cation. 
After the fallinu edge of RS, the status 
flags (FF, HF, AEF, and EF) an 
updated to indicate a 
valid empty condition. 


Read, shift, and/or write operf tions need not be deac- 
tivated 
during 
a reset operatio 
1, but failure 
to do so 
requires observance 
of the Resot Setup Time (tRSS), to 
assure that the first write and/or fi st read following a reset 
operation will occur predictably. 


If no read operations 
have be£ n performed following a 
reset operation, then the 'previol s data' word being held 
in the output register consists of a Izeroes. This data word 
is seen on the output bus (00 - (Ja) whenever 
the output 
enable (OE) is held LOW. Likewir e, data in the input shift 
register is initialized to all zeroes after a reset operation. 


Write 


A shift operation 
is initiated on he rising edge of WCK, 
whenever 
WEN 
is HIGH and LUSH 
is LOW. Data bits 
are shifted from MSB to LSB, with .he data biton the Serial 
Input (SI) replacing the contents 
)f bit position 07 in the 
input shift register, and the Serial Output (SO) copying the 
contents 
of bit position Do. 


A write operation 
consists of a parallel loading of data 
from the input shift register (bits [l7 - Do), and the SI pin 
(bit 08) to the FIFO memory 
array. A write operation 
is 
initiated on the rising edge of the VI rite Clock input (WCK), 
whenever 
both 
the edge-sampl.!d 
Write 
EnaIJle input 
(WEN) and the Load/Shift input (I D/SH) 
are held HIGH. 


When a full condition is reached, shift operations may 
contin ue; but write operations sho Jld be ceased, in order 
to prevent overwriting unread data The state of the status 
flags has no direct effect on shift ( r write operations; that 
is, the execution of write operation:; is gated only by WEN, 
and the internal logic of the LH5494 itself has no interlock 
to prevent overrunning 
valid data after the internal write 
pointer 'wraps around' and catche; 
up to the read pointer 
- and passes it, ifwriting is continu Jd.Figure 11 illustrates 
how such an interlock may be implemented 
by means of 
external connections. 


Following 
the first read opera ion from a full FIFO, 
another memory location is freed liP, and the Full Flag is 
deasserted 
(FF = HIGH). The first Nrite operation should 
begin no earlier than a First Write Latency time (tFWL)after 
the first read operation from a full F FO, in order to assure 
that a correct data word is written 
nto the FIFO memory. 


Read 


A read operation consists of loading parallel data from 
the FIFO memory 
array to the output 
register. A read 
operation is initiated on the rising edge of the Read Clock 
input (RCK) whenever 
both of the edge-sampled 
Read 
EnaIJle inputs (RENl 
and REN2) are held HIGH for the 
prescribed 
setup and hold times. 
Read data becomes 
valid on the Data Out pins (Qo - 08) by a time lA after the 
rising eclge of RCK, provided that the Output Enable (OE) 
is being held LOW. OE is an assertive-LOW 
asynchro- 
nous input. When OE is taken LOW, the 00 - 08 outputs 
are driven (Le., are in a low-Z state) within a minimum 
time tOl. When OE is taken HIGH, the 00 - 08 outputs 
are in a high-Z state within a maximum time taz. The state 
of the four 
status 
flags 
has 
no direct 
effect 
on read 
operations; 
that is, the execution 
of read or shift opera- 
tions is !lated only by RENl 
and REN2 and LD/SH, and 
the internal logic of the LH5494 itself has no interlock to 
prevent 
underrunning 
valid data after the internal 
read 
pointer catches up to the write pointer - and passes it, if 
reading 
is continued. 
Figure 
11 illustrates 
how such an 
interlock 
may 
be implemented 
by means 
of external 
connections. 


When an empty condition is reached, read operations 
should 
be ceased, 
until a valid write 
operation(s) 
has 
loaded additional 
data into the FIFO. Following 
the first 
write to an empty FIFO, the Empty Flag (EF) is deasserted 
(EF = HIGH). The next read operation 
should begin no 
earlier than a First Read Latency time (tFRl) from the first 
write operation into an empty FIFO, in order to ensure that 
correct road data is retrieved. 


Status 
Flags 


Status Flags are included for Full (FF), Half-Full (HF), 
Almost-Empty/Full 
(AEF), and Empty (EF). These flags 
are updated at the boundary 
conditions 
given in Table 1 
(page 5-119). Flag transitions follow the appropriate 
rising 
clock edge during an enabled read or write operation. The 
AEF flag is asserted whenever the FIFO either is less than 
eight locations away from an empty boundary, 
or else is 
less than eight locations away from a full boundary. 


A separate 
indicator for Almost-Empty 
may be ~ner- 
ated by a logical NOR of AEFwith 
the inversion of HF.An 
indicator for Almost-Full 
may be generated 
by a NOR of 
AEF with HF. From an assertive-HIGH 
perspective, 
the 
NOR gatH effectively 
is performing 
an AND operation 
in 
both of these cases. 


Reset, 
Reread 


The FIFO can be made to reread previously 
read data 
through 
a reset operation, 
which 
initializes 
the internal 
read 
and write 
address 
pointers 
to the 
first physical 
location in the FIFO memory 
(location zero). The status 
flags are updated to indicate an empty condition; 
but up 
to 4096 words 
of old data, which 
previously 
had been 
written into and/or read from the FIFO, still then remain in 


The First Read Latency (tFRL)specification does not apply 
to reset/reread operations, since no new data are being 
written to the FIFO following the Reset. 
the memory array. The status flags may be ignored, and 
data may be reaccessed by subsequent read operations. 


NOTES: 


1. Both WEN 
and LDISH 
must be asserted 
(HIGH) 
to enable 
write operations. 


2. Both 
REN, 
and REN2 
must 
be asserted 
(HIGH) 
to enable 
read operations. 


3. EF asserted 
(LOW) 
does 
not prevent 
further 
read operations, 
unless 
it is tied either 
to REN, 
or to REN2. 


4. tFAL (First 
Read 
Latency) 
- The first read following 
an empty 
condilion 
may begin 
no earlier 
than tFALalter 


the first write 
to an empty 
FIFO, 
in order 
to ensure 
that valid data is retrieved. 
This specification 
does 
not apply 
to 
reseVreread 
applications. 
in which 
the status 
of FIFO flags 
is ignored. 


5. Immediately 
following 
a reset 
operation, 
the 'previous 
data' will be all bits LOW. 


Figure 4. 
Write and Read Operations in a 
Near-Empty Condition 
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NOTES: 


1. Both WEN and LD/SH must be asserted (HIGH) to enable write operations. 
2. Both REN, and REN2 must be lsserted (HIGH) to enable read operations. 
3. FF asserted (LOW) does not pI went further write operations, unless it is tied to WEN. 


4. tFWL(First Write Latency) - The first write following a full condition may begin no earlier than tFwLafter 
the first read from a full FIFO,;' 
order to ensure that valid read data is retrieved. 


Figure 5. 
Read and Write Operation 
in a 
Near-Full Condition 
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Figure 6. 
Serial Shift, Write Timing 
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NOTES: 


1. tRQ is measured with OE held L(W. 


2. tASS need not be met unless the 'ising edge of WCK and/or RCK occurs while that 
clock is enabled. 
RS operates w lether or not WEN, and/or REN, and REN2, are being asserted. 


LD/SH, 
WEN 


NOTES: 


1. HF is HIGH whenever the FIFO is almost-empty, since then it also is less than hall-lull. 


2. An Almost-Empty flag AE may be implemented, using external logic according to AE - AEF • HF - AEF + HF. 


FLAG STATUS 
VALID WRITE 
VALID READ 
CYCLES REMAINING 
CYCLES REMAINING 


EF 
AEF 
HF 
FF 
min 
max 
min 
max 


0 
0 
1 
1 
4096 
4096 
0 
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1 
0 
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1 
4089 
4095 
1 
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2048 
4088 
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NOTES: 


1. HF is lOW whene""r 
the Flf 0 is almosl-full. since Ihen it also is more than half-full. 


2. An Almost-Full flag AF may I e implemented, using external logic according to AF = AEF • HF = AEF + HF. 
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Synchronous 
Read and Write Operations 


Read and write operations 
may be performed 
in syn- 
chronism with each other by deriving WCK and RCK from 
a common 
system 
clock. 
As such, 
the Read 
Enable 
(RENl 
and REN2), Write Enable (WEN), and Load/Shift 
(LD/SH) 
inputs all get sampled 
at the same clock rising 
edge. 


SERIAL INPUT 


SERIAL OUTPUT 


HALF 


ALMOST-ElF 


This type of synchronous 
readlwrite operation ensures 
that flag outputs always 
satisfy the required 
setup and 
hold times for the REN1, REN2, and WEN inputs. Thus, 
the Full Flag output (FF) may be tied directly to WEN, in 
order to prevent 'overrun' write operations 
when the full 
condition 
is reached. 
Likewise, 
the Empty 
Flag output 
(EF) may be tied directly to RENl 
or REN2, in order to 
prevent 'underrun' 
read operations when the empty con- 
dition 
is reached, 
while 
the other 
Read 
Enable 
input 
remains available for system control. 
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OPERATIONAL MODES (I:ont'd) 


Asynchronous 
Read and Writ,! Operations 


Write 
operations 
and 
read 0 )Elrations may be per- 
formed completely 
asynchronous 
y relative to each other, 
when the RCK input and the WCI: input are derived from 
clock signals 
of different 
systerr s. Under these condi- 
tions, status-flag 
transitions 
OCCLrrelative to two unpre- 


dictably-related 
clock 
edges. 
·'herefore, 
these 
flags 
should not be used to drive Read Enable or Write Enable 
inputs directly, since they do not a Nays satisfy valid setup 
times and hold times. 


Instead, it is recommended 
th It these enable signals 
be controlled 
by the user, in order oensure that adequate 
setup times and hold times are rlaintained. 
If the FIFO 


SERIAL INPUT 


SERIAL OUTPUT 


RESET 


becomes either completely 
full or completely 
empty, then 
some sy nchronization 
between read and write operations 
at the full or empty 
boundaries 
becomes 
necessary 
to 
prevent timing violations. 


When 
the 
FIFO 
is operating 
in this 
manner, 
the 
Almost-Empty/Full 
flag and the Half-Full flag should be 
used to provide some advance warning, to avoid overrun- 
ning or underrunning 
a FIFO internal boundary. Typically, 
these 
flags 
are used 
as system 
interrupts, 
When 
an 
interrupt is received 
by the faster of the two systems, 
a 
predefinL>d block of data then may be transferred 
at the 
maximum 
data rate, as long as there 
is known 
to be 
sufficient 
room 
for it. In this way 
the 
full and empty 
boundaries 
are never reached, 
and yet maximum 
data 
throughput 
is maintained. 
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OPERATIONAL MODES (cont'd) 


Cascaded 
Operation 


Cascaded 
operation 
allows LH5494 
input shift regis- 
ters to be extended 
in wordwidth, 
by interconnecting 
multiple LH5494 devices in aserialchain. 
The Serial Input 
(SI) of the first device in the chain serves as the 'effective- 
FIFO' serial input. The SI pin of any subsequent 
device is 
connected 
to the Serial Out (SO) pin of the preceding 
device in the chain. The final 'effective FIFO' serial output 
data (if needed) is taken from the SO pin of the last device 
in the chain. 


In cascaded operation, the output port may be config- 
ured either 
for an increase 
in FIFO 
depth, 
or for an 
increase 
in FIFO wordwidth. 
When 
the output 
port is 
expanded 
in width, the Read Enable inputs (REN1 and 
REN2) and 
Output 
Enable 
(OE) 
are common 
for all 
devices. 


When the output port is expanded 
in depth, the com- 
mon 
Data 
Out 
pins 
of multiple 
devices 
may be tied 
together. One Read Enable may then be used for system 
control, while the other Read Enable and OE are driven 
by decode 
logic to direct the flow of data. This decode 
logic should alternate read accesses 
from one device to 
the next in a sequential 
manner. 


LH5494 
Device Type 
U 
-## 
Pack. Ige 
Speed 
l 
Y:~ 
Cyol. 11m. ("') 


------- 
32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 


LH5420 


• 
Fast Cycle limes: 
25/30/35 ns 
• Two 256 x 36-bit FIFO Buffers 
• 
Full 36-bit Word Width 
• Selectable 36/18/9-bit 
Word Width on Port B 
• 
Fully Asynchronous Port-to-Port 
Communications 
• 'Synchronous' Enable-Plus-Clock Control 
at Both Ports 
• 
RIW, Enable, Request, and Address 
Control Inputs Sampled on the Rising 
Clock Edge 
• Synchronous Request/Acknowledge 
'Handshake' Capability; Use is Optional 
• Device Comes Up Into Known Default 
State at Reset; Programming is Allowed, 
but is not Required 
• Asynchronous Output Enables 
• 5 Status Flags per Port: Full, Almost-Full, 
Half-Full, Almost-Empty, and Empty 
• Almost-Full Flag and Almost-Empty Flag 
are Programmable 
• Mailbox Registers with 
Synchronized Flags 
• 
Data Bypass Function 
• 
Data Retransmit Function 
• Automatic Byte Parity Checking 
• TTUCMOS-Compatible 
I/O 
• Space-Saving PQFP and PGA Packages 
• 
Mosel MS76542-SSFC and National 
Semiconductor NMF256X36X2 are 
Pin-Compatible and Functionally 
Equivalent 


FUNCTIONAL DESCRIPTION 


The LH5420 contains two FIFO buffers, FIFO #1 and 
FIFO #2. These operate in parallel, but in opposite direc- 
tions, for bidirectional 
data buffering. 
FIFO #1 and FIFO 
#2 each are organized 
as 256 words 
by 36 bits. The 
LH5420 is ideal either for wide unidirectional 
applications 
or for bidirectional 
data applications; 
component 
count 
and board area are reduced. 


The LH5420 has two 36-bit ports, Port A and Port B. 


Each port has its own port-synchronous 
clock, but the two 
ports may operate asynchronously 
relative to each other. 


Data flow is initiated at a port by the rising edge of the 
appropriate 
clock; it is gated by the corresponding 
edge- 
sampled enable, request, and read/write control signals. 
At the maximum operating frequency, the clock duty cycle 
may vary from 40% to 60%. At lower frequencies, 
the 
clock waveform 
may be quite asymmetric, 
as long as the 
minimum 
pulse-width 
conditions 
for clock-HIGH 
and 
clock-LOW 
remain satisfied; the LH5420 is a fully-static 
part. 


Conceptually, 
the port clocks CKA and CKe are free- 
running, periodic 'clock' waveforms, 
used to control other 
signals which are edge-sensitive. 
However, there actually 
is not any absolute 
requirement 
that these 'clock' wave- 


forms must be periodic. An 'asynchronous' 
mode of op- 
eration 
is 
possible, 
in 
one 
or 
both 
directions, 
independently, 
if the appropriate 
enable and request in- 
puts 
are continuously 
asserted, 
and 
aperiodic 
'clock' 


pulses 
of suitable 
duration 
are generated 
by extemal 
logic. 


A synchronous 
requesVacknowledge 
handshake facil- 
ity is provided 
at each port for FIFO data access. This 
requesV acknowledge 
handshake 
resolves FIFO full and 
empty boundary conditions, 
when the two ports are op- 
erated asynchronously 
relative to each other. 


FIFO status flags monitor 
the extent to which each 
FIFO buffer has been filled. Full, Almost-Full, 
Half-Full, 
Almost-Empty, 
and Empty flags 
are included 
for each 
FIFO. The Almost-Full 
and Almost-Empty 
flags are pro- 


grammable 
over the entire FIFO depth, but are automat- 
ically initialized to eight locations from the respective FIFO 
boundaries 
at reset. A data block of 256 or fewer words 
may be retransmitted 
any desired number of times. 


Two mailbox 
registers 
provide 
a separate 
path for 
passing 
control words 
or status 
words 
between 
ports. 


Each mailbox 
has a New-Mail-Alert 
Flag, which is syn- 
chronized to the reading port's clock. This mailbox func- 
tion 
facilitates 
the 
synchronization 
of data 
transfers 
between a.synchronous systems. 


FUNCTIONAL DESCRIPTION (cant'd) 


Data-bypass 
mode allows 
Pcrt A to directly transfer 
data to or from Port B at reset. 11 this mode, the device 
acts 
as a registered 
transceivE r under 
the control 
of 
Port A. For instance, 
a master p 'ocessor 
on Port A can 
use the data bypass feature to s,md or receive initializa- 
tion or configuration 
informatior 
directly, 
to or from 
a 
peripheral device on Port B, durillQ system startup. 


A word-width-select 
option 
is provided 
on Port B for 
36-bit, 
18-bit, or 9-bit data access. 
This feature 
allows 
word-width 
matching between Port A and Port B, with no 
additional logic needed. It also ensures maximum 
utiliza- 
tion of bus bandwidths. 


A Byte Parity Check 
Flag at each port monitors data 
integrity. These flags are initialized for odd data parity at 
reset, but may be reprogrammed 
for even parity. 
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Figun·1. 
Pin Connections 
for 132-Pin Quad Flat Package 
(TOP VIEW) 


VCCA 
D24A 
D25A 
D26A 
VSSA 
D27A 
D28A 
D29A 
vCCA 
D30A 
DS1A 
D32A 
VSSA 
DS3A 
D34A 
DS'A 
RT2 
Vss 
DS'B 
D34B 
VSSB 
D33B 
D32B 
DS'B 
VCCB 
D30B 
D29B 
D2BB 
VSSB 
D27B 
D26B 
D25B 
Vccs 


N 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D'3B 
D'5B 
MBF, 
ACKB 
REQB 
RMlB 
AoB 
WS, 
OEB 
FF2 
HF2 
D'8B 
D2'B 


M 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D8B 
D11B 
D'6B 
EF, 
AE, 
ENB 
WSo 
AF2 
PFB 
D22B 
D20B 
D23B 
D28B 


L 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D6B 
D9B 
D'2B 
D14B 
D'7B 
Vss 
CKB 
Vcc 
D'9B 
D24B 
D25B 
D27B 
D30B 


K 
0 
0 
0 
0 
0 
0 
D5B 
D,OB 
VCCB 
VCCB 
D26B 
D3'B 


J 
0 
0 
0 
0 
0 
0 
D3B 
D7B 
VSSB 
VSSB 
D29B 
D33B 


H 
0 
0 
0 
0 
0 
0 


D'B 
D2B 
D4B 
D32B 
D34B 
D35B 


G 
0 
0 
0 
BOnOMVIEW 
0 
0 
0 
RT, 
DOB 
RS 
Vss 
RT2 
D34A 


F 
0 
0 
0 
0 
0 
0 
DOA 
D'A 
D3A 
D35A 
D32A 
D33A 


E 
0 
0 
0 
0 
0 
0 
D2A 
D6A 
VSSA 
VSSA 
D3,A 
D30A 


D 
0 
0 
0 
0 
0 
0 
0 
D4A 
D9A 
VCCA 
NC 
VCCA 
D28A 
D29A 


C 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D5A 
D8A 
D11A 
D'3A 
D'6A 
VCC 
CKA 
Vss 
D'8A 
D21A 
D23A 
D26A 
D27A 


B 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D7A 
DlOA 
D'4A 
D17A 
PFA 
AF, 
A'A 
ENA 
AE2 
EF2 
D'9A 
D25A 
D24A 


A 
D 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D'2A 
D'5A 
HF, 
FF, 
OEA 
A2A 
AoA 
RMlA 
REQA 
ACKA 
MBF2 
D20A 
D22A 


2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 


NOTE: 
NC = NO CONNECTION 
5420·29 


Figure 2. Pin Connections 
for 12o-Pin PGA Package 
(SOnOM VIEW) 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D22A 
D24A 
D27A 
D29A 
D30A 
D33A 
D34A 
D35B 
D33B 
D3'B 
D30B 
D28B 
D21B 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D20A 
D25A 
D26A 
D28A 
D3'A 
D32A 
RT2 
D34B 
D29B 
D26B 
D27B 
D23B 
D18B 


11 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
MBF2 
D'9A 
D23A 
VCCA 
VSSA 
D3SA 
Vss 
D32B 
VSSB 
VCCB 
D25B 
D20B 
HF2 


10 
0 
-.Q 
0 
0 
0 
0 
ACKA 
EF2 
D2'A 
D24B 
D22B 
FF2 


9 
0 
0 
0 
0 
~ 
0 
REQA 
AE2 
0,8A 
D'9B 
PFB 
OEB 


8 
0 
0 
0 
0 
0 
0 
RlWA 
ENA 
vss 
vcc 
AF2 
WS, 


7 
0 
0 
0 
TOP VIEW 
0 
0 
0 
AcA 
A'A 
CKA 
cKe 
wSo 
AcB 


6 
0 
0 
0 
0 
0 
0 
AzA 
AF, 
vcc 
vss 
ENB 
RiWB 


5 
0 
0 
0 
0 
0 
0 
OEA 
PFA 
D'8A 
D17B 
AE, 
REQB 


4 
0 
0 
0 
0 
0 
0 
0 
FF, 
D17A 
D'3A 
NC 
D'4B 
EF, 
ACKe 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
~ 
HF, 
D'4A 
Dl1A 
VCCA 
VSSA 
D3A 
RS 
D4B 
VSSB 
VCCB 
D'2B 
D'6B 
MBF, 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


D'SA 
D'OA 
DaA 
D9A 
D6A 
D,A 
DOB 
D2B 
D7B 
D10B 
D9B 
Dl1B 
D'SB 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
D'2A 
D7A 
DSA 
D4A 
D2A 
DOA 
RT, 
D'B 
D3B 
DSB 
D6B 
DaB 
D'3B 


A 
B 
C 
D 
E 
F 
G 
H 
J 
K 
L 
M 
N 


NOTE: 
NC 
a NO CONNECTION 
S42o-29A 


Fi! ure 3. Pin Connections 
for 12o-Pin PGA Package 
(Top View) 


SIGNAL 
POFP 
PGA 
N6UI= 
PINNn 
PINNn 
NJA 
1 
A7 
AlA 
2 
87 


A2A 
3 
A6 
OEA 
4 
A5 
FFl 
6 
A4 
AFl 
7 
86 
HFl 
8 
A3 
PFA 
9 
85 
017A 
10 
B4 
016A 
11 
C5 
015A 
12 
A2 


014A 
14 
B3 


013A 
15 
C4 
012A 
16 
A1 
011A 
17 
C3 
olOA 
19 
82 
09A 
20 
02 
OSA 
21 
C2 
07A 
23 
81 
06A 
24 
E2 
05A 
25 
C1 
04A 
27 
01 
03A 
28 
F3 
02A 
29 
E1 
01A 
31 
F2 
OOA 
32 
F1 
AS 
33 
G3 
ATl 
34 
G1 
006 
35 
G2 
016 
36 
H1 
026 
37 
H2 
036 
39 
J1 
046 
40 
H3 
056 
41 
K1 
066 
43 
L1 
076 
44 
J2 
OS6 
45 
M1 
096 
47 
L2 
010B 
48 
K2 
0116 
49 
M2 
0126 
51 
L3 
0136 
52 
N1 


0146 
53 
L4 
0156 
54 
N2 


SIGNAL 
PQFP 
PClA 
NAME 
PIN NO. 
PIN NO. 


0166 
56 
M3 
0176 
57 
L5 
M8Fl 
58 
N3 
AEl 
59 
M5 
EFl 
60 
M4 
ACK6 
61 
N4 
AEQ6 
63 
N5 
EN6 
64 
M6 
AIW6 
65 
N6 
CK6 
66 
L7 
NJ6 
67 
N7 
WSo 
68 
M7 
WSl 
69 
N8 
OE6 
70 
N9 
FF2 
72 
N10 
AF2 
73 
M8 
HF2 
74 
N11 
PF6 
75 
M9 
01S6 
76 
N12 
0196 
77 
L9 
0206 
78 
M11 


0216 
80 
N13 
0226 
81 
M10 
0236 
82 
M12 
0246 
83 
L10 
0256 
85 
L11 
0266 
86 
K12 
0276 
87 
L12 
02S6 
89 
M13 
0296 
90 
J12 
0306 
91 
L13 
0316 
93 
K13 
0326 
94 
H11 
0336 
95 
J13 


0346 
97 
H12 
0356 
98 
H13 
AT2 
100 
G12 
035A 
101 
F11 
034A 
102 
G13 
033A 
103 
F13 
032A 
105 
F12 
031A 
106 
E12 


030A 
107 
E13 
029A 
109 
013 


SIGNAL 
POFP 
PGA 
NAME 
PIN NO. 
PIN NO. 


02SA 
110 
012 


027A 
111 
C13 


026A 
113 
C12 
025A 
114 
812 
024A 
115 
813 
023A 
117 
C11 


022A 
118 
A13 
021A 
119 
C10 
020A 
120 
A12 
019A 
122 
811 


01SA 
123 
C9 
M8F2 
124 
A11 
AE2 
125 
89 
EF2 
126 
810 
ACKA 
127 
A10 
AEQA 
129 
A9 
ENA 
130 
B8 
AIWA 
131 
AS 
CKA 
132 
C7 
VCC 
5 
C6 
VSSA 
13 
E3 
VCCA 
18 
03 
VSSA 
22 
E3 
VCCA 
26 
03 
VSSA 
30 
E3 
VSS6 
38 
J3 
VCC6 
42 
K3 
VSS6 
46 
J3 
VCC6 
50 
K3 
VSS6 
55 
J3 
Vss 
62 
L6 
Vcc 
71 
L8 
VSS6 
79 
J11 
VCC6 
84 
K11 
VSS6 
88 
J11 
VCC6 
92 
K11 
VSS6 
96 
J11 
Vss 
99 
G11 
VSSA 
104 
E11 
VCCA 
108 
011 
VSSA 
112 
E11 
VCCA 
116 
011 


VSSA 
121 
E11 
Vss 
128 
C8 


OEA 
PFA 


DOA - D35A 


WRITE 
I 
FIFO 1 
READ 
I 
PORTA 
PORTS 
1/0 
READ I 
WRITE 
1/0 
I 
FIFO 2 


COMMA~~ 
PORTA~D 
REGISTER 


CKA 
RtWA 
ENA 
REQA 
ACKA 


PORTA 
SYNCH- 
RONOW, 
CONTRO_ 


LOGIC 


PORTS 
SYNCH- 
RONOUS 
CONTROL 
LOGIC 


CKB 
RtWB 
ENB 
REQB 
ACKB 


OEB 
PFB 
DOB - D35B 


WSo, WS, 


PIN 
I 
PIN TYPE' 
I 
DESCRIPTION 


GENERAL 


Vcc. Vss 
V 
Power. Ground 


RS 
I 
Reset 


PORTA 


CKA 
I 
Port A Free-Running 
Clock 


RIWA 
I 
Port A Edge-Sampled 
ReadlWrite 
Control 


ENA 
I 
Port A Edge-Sampled 
Enable 


AoA. A1A. A2A 
I 
Port A Edge-Sampled 
Address Pins 


OEA 
I 
Port A Level-Sensnive 
Output Enable 


REQA 
I 
Port A RequesVEnable 


RT2 
I 
FIFO #2 Retransmit 


DOA- D3SA 
I/OIZ 
Port A Bidirectional 
Data Bus 


FF1 
0 
FIFO #1 Full Flag (Write Boundary) 


AF1 
0 
FIFO #1 Programmable 
Almost-Full 
Flag (Wrne Boundary) 


HF1 
0 
FIFO #1 Half-Full Flag 


AE2 
0 
FIFO #2 Programmable 
Almost-Empty 
Flag (Read Boundary) 


EF2 
0 
FIFO #2 Empty Rag (Read Boundary) 


MBFA 
0 
Port A Mailbox New-Mail-Alert 
Flag for Mailbox #2 


PFA 
0 
Port A Parity Flag 


ACKA 
0 
Port A Acknowledge 


PORTS 


CKs 
I 
Port B Free-Running 
Clock 


RlWs 
I 
Port B Edge-Sampled 
ReadlWrite 
Control 


ENs 
I 
Port B Edge-Sampled 
Enable 


Aos 
I 
Port B Edge-Sampled 
Address Pin 


OEs 
I 
Port B Level-Sensitive 
Output Enable 


WSo.WS1 
I 
Port B Word-Width 
Select 


REQs 
I 
Port B RequesVEnable 


RT1 
I 
FIFO #1 Retransmit 


Dos- 
D35S 
I/OIZ 
Port B Bidirectional 
Data Bus 


FF2 
0 
FIFO #2 Full Flag (Write Boundary) 


AF2 
0 
FIFO #2 Programmable 
Almost-Full 
Flag (Write Boundary) 


HF2 
0 
FIFO #2 Half-Full Flag 


AE1 
0 
FIFO #1 Programmable 
Almost-Empty 
Flag (Read Boundary) 


EF1 
0 
FIFO #1 Empty Flag (Read Boundary) 


MBFs 
0 
Port B Mailbox New-Mail-Alert 
Flag for Mailbox #1 


PFs 
0 
Port B Parny Rag 


ACKs 
0 
Port B Acknowledge 


PARAMETER 


Supply Voltage to Vss Potenti, 


Signal Pin Voltage to Vss PotE 


DC Output Current 2 


Storage Temperature Range 


Power Dissipation (Package L 


NOTES: 
1. 
Stresses greaBr than those listed UI der 'AbsoluB Maximum Ratings' may cause permanent damage 10the device. This is a stress rating for 
transient conditions only. Functional )pe ration of the device at these or any other conditions outside those indicaBd in the 'Operating Range' 
of this specification is not implied. El posure 10absolute maximum rating condition:; for exlended periods may affect reliability. 
2. 
Outputs should not be shor1lld for m)re than 30 seconds. No more than one output should be sho•.••d atany time. 


3. 
Negative undershoot of 1.5 V in amllitude 
is permilled for up 10 10 ns, once per cycle. 


RATING 


II 
-0.5 
Vt07 
V 


ntial3 
-0.5 
V to Vcc + 0.5 V 


±40 mA 


-65°C 
to 1500C 


mil) 
2 Watts (Quad Flat Pack) 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
TefTl>Elrature,Ambil int 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input V<Itage 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input 'Vi lltage 
2.2 
Vcc + 0.5 
V 


NOTE: 
1. 
Negative undershootof 
1.5 V in amp itude is permitted for up 10 10 ns, once per cycle. 


SYMBOL 
PARAME"ER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Cum nt 
Vcc = 5.5 V, VIN = 0 V To Vcc 
-10 
10 
~ 


ILO 
I/O Leakage Curren 
OE <': VIH, 0 V:<:;VOUT:<:;Vcc 
-10 
10 
~ 


VOL 
Logic LOW Output \ 'oltage 
IOL= 8.0 mA 
0.4 
V 


VOH 
Logic HIGH Output' /oltage 
IOH=-2.0 
mA 
2.4 
V 


Icc 
Average Supply Cur 'ent 1 
Measured at fc = max 
280 
mA 


ICC2 
Average Standby SI pply Current 1 
All Inputs = VIHMIN(Clock idle) 
mA 


ICC3 
Power-Down Suppl) Current 1 
All Inputs = Vcc - 0.2 V (Clock idle) 
mA 


NOTE: 
1. 
Ice. 1=, 
and 1CC3are dependent upo nactual output loading, and Ice is also dependent on cycle raBs. Specified values are with outputs open; 


and. for Ice, operating at minimum cy :Ie times. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss t03 
V 


Input Rise and Fall Times 
5 ns 
(10% to 90%) 


Output Reference 
Levels 
1.5 V 


Input Timing Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 5 


PARAMETER 
RATING 


CIN (Input Capacitance) 
8 pF 


Co (Output Capacitance) 
8 pF 


NOTES: 
1. Sampletes~d only. 


2. 
Capacitances are maximum values at2S0C, measured at1.0MHz, 
with VIN= 0 V. 


SYMBOL 
DE :RIPTION 
-25 
-30 
-35 
UNITS 
lAIN 
lAAY 
lAIN 
lAAY 
lAIN 
lAAY 


fcc 
Clock Cycle 
FrequenC\ 
- 
40 
- 
33 
- 
28.5 
MHz 


tcc 
Clock Cycle Time 
25 
- 
30 
- 
35 
- 
ns 


tCH 
Clock HIGH Time 
10 
- 
12 
- 
15 
- 
ns 


tCL 
Clock LOW Time 
10 
- 
12 
- 
15 
- 
ns 


tos 
Data Setup Time 
12 
- 
13 
- 
15 
- 
ns 


tOH 
Data Hold Time 
0 
- 
0 
- 
0 
- 
ns 


tEs 
Enable 
Setup Time 6 
13 
- 
15 
- 
15 
- 
ns 


tEH 
Enable 
Hold Time 6 
0 
- 
0 
- 
0 
- 
ns 


tAWS 
ReadlWrite 
Setup Time 
13 
- 
15 
- 
18 
- 
ns 


tAwH 
ReadlWrite 
Hold Time 
0 
- 
0 
- 
0 
- 
ns 


tAos 
Request 
Setup Time 6 
15 
- 
18 
- 
21 
- 
ns 


tACH 
Request 
Hold Time 6 
0 
- 
0 
- 
0 
- 
ns 


tAS 
Address 
Setup Time 6 
15 
- 
18 
- 
21 
- 
ns 


tAH 
Address 
Hold Time 6 
0 
- 
0 
- 
0 
- 
ns 


tA 
Data Output 
Access 
TIlT e 
- 
16 
- 
20 
- 
25 
ns 


tACK 
Acknowledge 
Access 
TI ne 
- 
- e 
- 
20 
- 
25 
ns 


tOH 
Output 
Hold Time 
5 
- 
5 
- 
5 
- 
ns 


tlX 
Output 
Enable 
Time, OE LOW to Do - D35 Low-Z 3 
5 
- 
5 
- 
5 
- 
ns 


tXl 
OU1put Disable Time, 01: HIGH to Do - D35 High-Z 3 
- 
15 
- 
20 
- 
25 
ns 


tEF 
Clock to EF Flag VaUd (I :mpty Flag) 
- 
22 
- 
25 
- 
30 
ns 


tFF 
Clock to FF Flag Valid (f ull Flag) 
- 
22 
- 
25 
- 
30 
ns 


tHF 
Clock to HF Flag Vaid 
(flaW-Full) 
- 
22 
- 
25 
- 
30 
ns 


tAE 
Clock to AE Flag Valid (J ,Imost-Empty) 
- 
20 
- 
25 
- 
30 
ns 


tAF 
Clock to AF Flag Vaid 
(J Imost-Full) 
- 
20 
- 
25 
- 
30 
ns 


tLlSF 
Clock to MBF Flag Valid :Mailbax 
Flag) 
- 
15 
- 
20 
- 
25 
ns 


tPF 
Data to Parity Flag Valid 
- 
17 
- 
20 
- 
25 
ns 


tAS 
Reset/Retransmit 
Pulse 
Nidth 7 
40/25 
- 
52130 
- 
65/35 
- 
ns 


tASS 
Reset/Retransmit 
Setup 
nme 3 
20 
- 
25 
- 
30 
- 
ns 


tASH 
Reset/Retransmit 
Hold T me 3 
10 
- 
15 
- 
20 
- 
ns 


tAF 
Reset LOW to Flag Valid 
- 
35 
- 
40 
- 
45 
ns 


tFAL 
First Read Latency 
4 
25 
- 
30 
- 
35 
- 
ns 


tFWL 
First Write Latency 
5 
25 
- 
30 
- 
35 
- 
ns 


tss 
Bypass 
Data Setup 
15 
- 
18 
- 
21 
- 
ns 


tSH 
Bypass 
Data Hold 
5 
- 
5 
- 
5 
- 
ns 


tSA 
Bypass 
Data Access 
- 
20 
- 
25 
- 
30 
ns 


NOTES: 
1. 
Timing measurements performed at 'AC fest Condition'levels. 


2. 
Values are guaranteed by design; not Cl 'renlly production tested. 


3. 
lAss and/or lASHneed not be met unless a rising edge of CKAoccurs while ENA is being asserted, or else a rising edge of CKe occurs while ENe 
is being asserted. 


4. 
WALis the minimum first-write-to-first-rea j delay, following an empty condition, which is required to assure valid read data. 


5. 
ww.. is the minimum first-read-to-first-wril' 
delay, following a full condtion, which is required 10assure successful writing of data. 


6. 
lAs, IAHaddress sebJp times and hold tirr ,s need only be satisfied at clock edges which occur while the corresponding enables are being as- 
serted. 


7. 
First number used only when CKA or CK, is enabled; tAS= lAss + tcH + lASH. 


8. 
The REQ/ACK facility is not available at (yele times less than 30 ns. 


OPERATIONAL DESCRIPTION 


Reset 


The device is reset whenever the asynchronous 
Reset 
(RS) input is taken 
LOW. A reset operation 
is required 
after power-up, before the first write operation may occur. 
The LH5420 is fully ready for operation 
after being reset. 


No device programming 
is required 
if the default states 
described 
below are acceptable. 


A reset 
operation 
initializes 
the 
read-address 
and 
write-address 
pointers for FIFO #1 and FIFO #2 to those 
FIFO's first physical memory locations. FIFO and mailbox 
status flags are updated to indicate an empty condition. 
In addition, 
the programmable-status-flag 
offset values 
are 
initialized 
to 
eight. 
Thus, 
the 
AE1/AE2 
flag gets 
asserted within eight locations of an empty condition, and 
the AF1/AF2 flag likewise gets asserted within eight loca- 
tions of a full condition, for FIFO #1/FIFO #2 respectively. 


Bypass 
Operation 


During reset (whenever 
RS is LOW) the device acts 
as a registered transceiver, 
bypassing 
the internal FIFO 
memories. 
Port A acts as the master port. A write or read 
operation on Port A during reset transfers data directly to 
or from Port B. Port B is considered 
to be the slave, and 
does not permit write or read operations during reset. The 
direction 
of the bypass data transmission 
is determined 
by th RIWA control input, which does not get overridden 
by the RS input. The bypass capability 
may be used to 
pass initialization 
or configuration 
data directly between 
a master processor 
and a peripheral device during reset. 


Address 
Modes 


Address 
pins 
select 
the 
device 
resource 
to 
be 
accessed 
by each port. Port A has three resource-reg is- 
ter-select inputs, kA, 
AlA, and A2A, which select between 
FIFO access, 
mailbox-register 
access, 
and flag-offset- 
value-programming 
operating 
mode. Port B has a single 
address 
input, kB, 
to select between 
FIFO access or 
mailbox-register 
access. 
The status 
of the resource- 
register-select 
inputs is sampled at the rising edge of an 
enabled clock (CKA or CKB). Select-input 
definitions 
are 
summarized 
in Table 1. 


FIFO Write 


Port A writes to FIFO #1, and Port B writes to FIFO #2. 
A write operation 
is initiated on the rising edge of a clock 
(CKA or CKB) whenever: 
the appropriate 
enable (ENA or 
ENB) is held HIGH; the appropriate 
request 
(REQA or 
REQB) is held HIGH; the appropriate 
ReadlWrite 
control 
(RIWA or 
RlWB) 
is held 
LOW; 
the 
FIFO 
address 
is 
selected 
for the address 
inputs (A2A - kA 
or kB); 
and 
the prescribed 
setup times and hold times are observed 
for all of these signals. Setup times and hold times must 
also be observed 
on the data-bus 
pins (DoA - 
D35A or 
008- 
0358). 


When a FIFO full condition is reached, write operations 
are locked out. Following the first read operation 
from a 


full FIFO, another memory 
location is freed up, and the 
corresponding 
Full Flag is deasserted 
(FF = HIGH). The 
first write operation 
should begin no earlier than a First 
Write Latency (tFV>A.)after the first read operation 
from a 
full FIFO, to ensure that correct read data are retrieved. 


FIFO Read 


Port A reads from FIFO#2, and Port B reads from FIFO 
#1. A read operation 
is initiated on the rising edge of a 
clock (CKA or CKB) whenever: 
the appropriate 
enable 
(ENA or ENB) is held HIGH; 
the 
appropriate 
request 
(REQA 
or 
REQB) 
is 
held 
HIGH; 
the 
appropriate 
ReadlWrite control (RIWA or RlWB) is held HIGH; and the 
FIFO address 
is selected 
for the address 
inputs (A2A- 
kA 
or AOB); and the prescribed 
setup times 
and hold 
times am observed 
for all of these 
signals. 
Read data 
becomes 
valid 
on the data-bus 
pins 
(DOA - 
D35A or 
DOB- D35B) by a time IA after the rising clock (CKA or 
CKB) edge, provided that the data outputs are enabled. 


OEA and OEB are assertive-LOW, 
asynchronous 
out- 
put enables. Their effect is only to enable or disable the 
output drivers ofthe respective Port. Disabling the outputs 
does not disable a read operation; data transmitted 
to the 
corresponding 
output register will remain available 
later, 


when 
the 
outputs 
again 
are 
enabled, 
unless 
it sub- 
sequently 
is overwritten. 


When an empty condition is reached, read operations 
are locked out until a valid write operation(s) 
has loaded 
additional data into the FIFO. Following the first write to 
an empty FIFO, the corresponding 
empty flag (EF) will be 
deasserted 
(HIGH). The first read operation should begin 
no earlier than a First Read Latency 
(tFRL) after the first 
write to an empty FIFO, to ensure that correct read data 
is retrieved. 


Table 1. Resource-Register 
Addresses 


A2A 
A,A 
I 
AoA 
RESOURCE 


PORTA 


H 
H 
H 
FIFO 


H 
H 
L 
Mailbox 


H 
L 
H 
AF2, AE2, AFt, AEt Flag 
Offset Registers 


H 
L 
L 
Parity Mode Bit 


L 
H 
H 
AE t Rag Offset Register 


L 
H 
L 
AFt Flag Offset Register 


L 
L 
H 
AE2 Flag Offset Register 


L 
L 
L 
AF2 Flag Offset Register 


AoB 
RESOURCE 


PORTB 


H 
FIFO 


L 
Mailbox 


OPERATIONAL 
DESCRIFTION (cont'd) 


Dedicated 
FIFO Status 
Flags 


Six dedicated 
FIFO status fiegs are included for Full 
(FFl and FF2), Half-Full (HFl an j HF2), and E"l'ty 
(EFl 
and EF2). FF1, HF1, and EFl inc icate the status of FIFO 
#1; and FF2, HF2, and EF2 indica lethe status of FIFO #2. 


A Full Flag is asserted 
followi 19 the rising clock edge 
for a write operation 
that fills tile 
FIFO. A Full Flag is 
deasserted 
following 
the falling 
clock 
edge for a read 
operation 
to a full FIFO. 
A He If-Full 
Rag 
is updated 
following the rising clock edge of 1read or write operation 
to a FIFO. An Empty Rag is aSSl'rted following the rising 
clock edge for a read operation tt at empties the FIFO. An 
Empty Flag is deasserted 
followil19 the falling clock edge 
for a write operation to an empty FIFO. 


Programmable 
Status FIEgs 


Four programmable 
FIFO stc Ius flags are provided, 


two for Almost-Full 
(AFl 
and AF 2), and two for Almost- 
Empty (AEl and AE2). Thus, eac 1 port has two program- 
mable flags to monitor the status )f the two internal FIFO 
buffer memories. 
The offset vall les for these flags are 
initialized 
to eight 
locations 
fror 1 the respective 
FIFO 
boundaries 
during reset, but can :>ereprogrammed 
over 
the entire FIFO depth. 


Flag offsets may be written or ead through the Port A 
data bus. All four programmable 
:IFO status flag offsets 
can be set simultaneously 
throu~ 
a single 36-bit status 
word; or, each programmable 
fla! I offset can be set indi- 
vidually, through one of four eight ·bit status words. Table 
3 illustrates the data format for fiGg-programming 
words. 


Mailbox 
Operation 


Two mailbox 
registers 
are pro tided for passing 
con- 
troVstatus words between 
ports. 
::ach port can read its 
own mailbox and write to the other port's mailbox. Mailbox 
access is performed 
on the rising edge of the controlling 
FIFO's clock, with the mailbox ad lress selected and the 
enable 
(ENA or ENs) HIGH. Tha I is, writing to Mailbox 
Register 
#1, or reading 
from 
M lilbox 
Register 
#2, 
is 
synchronized 
to CKA; and writing' 0 Mailbox Register #2, 


or reading from Mailbox 
Register #1, is synchronized 
to 
CKs. 


The RlWAiS and OEAls pins C( ntrol the direction 
and 
availability of mailbox-register 
aceolSS. Each mailbox reg- 
ister has its own New-Mail-Alert 
f lag, which is synchro- 


nized to the reading port's clock. These New-Mail-Alert 
Flags are status indicators only, a ld cannot inhibit mail- 
box-register 
read or write operatio lS. 


Request 
Acknowledge 
Handsh 
3ke 


An 
optional, 
synchronous, 
r3quest-acknowledge 
handshake 
feature is provided for each port, to perform 
boundary 
synchronization 
betwee 1 asynchronously-op- 
erated ports. The Request input (I IEOAls) is sampled at 
a rising clock edge. With REOAIs HIGH, RlWAIB deter- 


mines whether 
a FIFO read operation 
or a FIFO write 
operation 
is being requested. 
The Acknowledge 
output 
(ACKAlB) is updated 
during the following 
clock cycle(s). 


ACKAtB meets the setup and hold time requirements 
of 
the Enable input (ENA or ENs). Therefore, 
ACKAIs may 
be tied back to the enable 
input to directly 
gate FIFO 
accesses, 
at a slight decrease 
in maximum 
operating 
frequency. 


The assertion 
of ACKAIs signifies 
that 
REOAIs was 
asserted. However, ACKAts does not depend logically on 
ENAls; and thus the assertion of ACKAIs does not prove 
that a FIFO write access or a FIFO read access actually 
did occur. While REOAIs and ENAIs are being held HIGH, 
ACKAtB may be considered 
as a synchronous, 
predictive 
boundary 
flag. That is, ACKAtB acts as a synchronized 
predictor of the Almost-Full 
Flag AF for write operations, 


or as a synchronized 
predictor of the Almost-Empty 
Rag 
AE for mad operations. 


Outside the 'almost-full' 
region and the 'almost-e"l'ty' 


region, ACKAIs 
remains 
continuously 
HIGH 
whenever 
REOAIs is held continuously 
HIGH. Within the 'almost-full' 


region or the 'almost-empty' 
region, ACKAts occurs only 
on every third cycle, to prevent an overrun of the FIFO's 
actual full or empty boundaries and to ensure that the tFWL 
(first write latency) and tFRL (first read latency) specifica- 
tions are satisfied before ACKAIs is received. 


The 'almost-full region' is defined as 'that region, where 
the Almost-Full 
Flag is being asserted'; 
and the 'almost- 
empty region' as 'that region, where the Almost-Empty 
Flag is being asserted.' Thus, the extent of these 'almost' 
regions depends on how the system has programmed 
the 
offset values for the Almost-Full 
Flags and the Almost- 
Empty Flags. If the system 
has not programmed 
them, 


these offset values remain at their default values, eight in 
each case. 


If a write atte"l't 
is unsuccessful 
because the corre- 


sponding 
FIFO is full, or if a read attempt is unsuccessful 
because the corresponding 
FIFO is empty, ACKAIs is not 
asserted in response to REOAIs. 


If the 
REQlACK 
handshake 
is not used, 
then the 
REOAIs input may be used as a second enable input, at 
a possible minor loss in maximum operating speed. In this 
case, the ACKAIs output may be ignored. 


WARNING: 
Whether or not the REQlACK 
handshake 
is 
being used, the REOAIs input for a port must be asserted 
for the corresponding 
FIFO to operate. 


Data Retransmit 


A retransmit operation resets the read-address 
pointer 
olthe corresponding 
FIFO (#1 or #2) back to the first FIFO 
physical 
memory 
location, 
so that data may be reread. 


The write pointer 
is not affected. 
The status flags are 
updated; 
and a block of up to 256 data words, 
which 
previously 
had been written and read from a FIFO, can 
be retrieved. The block to be retransmitted 
is bounded by 
the first FIFO memory 
location, 
and the FIFO memory 


OPERATIONAL DESCRIP 
ION (cont'd) 


location addressed 
by the write pointer. FIFO #1 retrans- 
mit is initiated 
by strobing 
the RT1.£!!1 LOW. FIFO #2 
retransmit 
is initiated by strobing t 1e RT2 pin LOW. Read 
and write operations 
to a FIFO should be stopped while 
the corresponding 
Retransmit 
sig1al is being asserted. 


Parity 
Check 


The Parity Check 
Rags, 
PFA and PFs, are asserted 
(LOW) whenever 
there is a parity error in the data word 
present 
on the Port A data bus or the Port B data bus 
respectively. The inputs tothe parity-evalution 
logic come 
directly from the data bus bonding pads, in each case. 


The four bytes of a 36-bit data word are grouped as 
Do - 08, 09 - 017, 018 - 025, anc 026 - 035. The parity 
of each nine-bit byte is individuall} 
checked, and the four 
single-bit 
parity indications 
are logically inclusive-ORed 
to produce 
the 
Parity-Flag 
outpJt. 
Parity 
checking 
is 
initialized 
for odd 
parity 
at resEn, but can 
be repro- 


grammed 
for even or odd parity during operation. 


Word-Width 
selection 
on Port B 


The word width of data acces~ on Port B is selected 
by the WSo and WSl control inputs. WSl is tied HIGH for 
36-bit 
access. 
WSo and WSl 
both are tied LOW 
for 


single-byte 
access. For double-byte 
access, WSo is tied 
HIGH and WSl 
is tied LOW. 


In the 
single-byte-access 
or double-byte-access 
modes, FIFO write operations 
on Port B pack the data to 
form 36-bit words when viewed 
from 
Port A. Similarly, 
single-byte 
or double-byte 
FIFO 
read 
operations 
on 
Port B essentially 
unpack 36-bit words through a series 
of shift operations. 
FIFO status flags are updated follow- 
ing the last access which forms a complete 36-bit transfer. 


Note that the word-width 
programming 
feature is only 
supported for FIFO accesses. 
Mailbox and Data Bypass 
operations 
do not support word-width 
matching between 
Port A and Port B. Table 2, Rgure 3 and Figure 4 summa- 
rize word-width 
selection for Port B. 


Table 2. Port B Word-Width 
selection 


ws, 
wSo 
PORT B DATA WIDTH 


H 
H 
36-Bit 


H 
L 
36-Bit 
l. 
H 
18-Bit 


L 
L 
9-Bit 


RESOURCE- 
REGISTER 
RESOURCE·REGISTER 
CONTENTS 
ADDRESS 


A. 
A. 
An 


(NORMAL FIFO OPERA nON) 


H 
H 
H 
X... 


MAILBOX 


H 
H 
L 
X... 


36-BIT MODE (A2A, AlA. AoAl = 1,0,1 


D34A••. D27A 
D25A••• D'8A 
D'6A ••• DsA 
D7A••• DOA 


H 
L 
H 
xl 
AF20 
fset 1 
I X I 
AE2 Offset 
1 
I X I 
AFl Offset 1 
I X I 
AEl 
Offset 1 


PARITY MODE (A2, A" Ao) =' 1, 0, 0 (WRITE ONLY) 


DOA 


H 
L 
L 
X... 
X 
Parity Mode 2 


8-BIT AE, FLAG (A2A, A'A, AoA) = 0, 1, 1 


D7A••• DoA 


L 
H 
H 
X... 
xl 
AEI Offset 1 


8-BIT AF, FLAG (A2A, A'A, AoA) = 0, 1,0 


D7A••• DoA 
L 
H 
L 
X... 
xl 
AFl Offset 
1 


8·BIT AEz FLAG (A2A, A'A, AOA)= 0, 0, 1 


D7A••. DOA 


L 
L 
H 
X... 
xl 
AE2 Offset 1 


8-BIT AFz FLAG (A2A, A'A, AoA) = 0, 0, 0 


D7A••• DoA 


L 
L 
L 
X... 
xl 
AF2 Offset 
1 


NOTES: 
1. 
All four programmable-ftag-offsetvalLO 
s are initialized to eight (8) during a reset operation. 


2. 
Odd parity = HIGH; even parity = LO'vl. The parity mode is initialized to odd during a reset operation. 


VALID REAl 
CYCLES REMAINING 
VAUD WRITE CYCLES REMAINING 
FLAG 
FLAG = LOW 
FLAG =HIGH 
FLAG = LOW 
FLAG =HIGH 


urN 
UAY 
U1N 
UAY 
urN 
UAY 
urN 
MAX 
FF 
256 
256 
0 
255 
0 
0 
1 
256 


AF 
256-p 
256 
0 
255-p 
0 
p 
p+1 
256 
HF 
129 
256 
0 
128 
0 
127 
128 
256 
AE 
0 
0 
0+1 
256 
256-0 
256 
0 
255-q 


EF 
0 
0 
1 
256 
256 
256 
0 
255 


NOTE: 
1. 
P is !he number in the Almost-Full-Flag· )ffset-Value regisBr for that port. q is the number in the Almost-Empty-Flag-Offset-Value 
regisBr for 
!hat port. 


Bits 0-17 
(1st Hallword) 


PORT 
A 
PORT 
B 


NOTES: 
1. n-e heavy black borders on regisler S{ gments indicale the main 
dala path, suitable for most application;. Alternale paths feature 
a different ordering of byles within a W< rd, at Port B. 
2. n-e funneling process does not chang l the ordering of bits within 
a byle. Hallwords (Figure Ga)or byles 
Figure 6b) are trans- 
ferred in parallel form from Port A b Pcrt B. 


3. 
n-e word-width setting may be changed during syslem operation; 
howeve , two clock intervals should be allowed for these signals 
b settle, before again attempting to read Doo- 
D:Jsa. Also, 
incompiHle dala words may o~r 
when the word width is 
changed from shornr to longer, at an inappropria1e point in the 
data block passing through the FIFO. 


NOTES: 
1. n-e heavy black borders on regisEr 5' 'gments indicaE the only 
data paths uwd. n-e other byE wgm mts of Port B do not par- 
ticipaE in the data path during detunn, ling. 


2. n-e detunneling process does not cha 1QEltheordering of bits 
within a byE. Hallwords (Figure 7a)or 
DyES (Figure 7b) are 
transferred in parallel form from Port B tl Port A. 


3. 
n-e word-width wl1ing may be changed during sysEm operation; 
however, two clock inErvals should be allov.ed for thew 
signals 
tl wille, 
before again attempting 10woo data. AIS'O, incompleE 
data words may occur when the word width is changed from 
shorter 10longer, at an inappropriaE point in the data block pass- 
ing through the FIFO. 


tRF 
lZEViJl/IJi/IJIJ------ 


NOTES: 
1. RS overrides all other input signal! • except for RiWA. and operates asynchronously. 
RS operates whether or not ENA Bld/or ENe are asserted. 


2. ~ss. 
~SH 
need not be met unless he rising edge of CKA and/or CKe occurs 
while that clock is enabled. 


3. The ~ity 
check is initialized to od j byte parity at reset. 


4. The AE and AF flag offsets are inil alized to eighllocations 
from the boundary al reset. 


NOTES: 
1. tASS• 
~SH 
need not be met unles, the rising edge of CKA or CKe occurs while that clock is enabled. 


2. Port A is considered the master ~Jrt for bypass operation. Thus. CKA• RiWA• and ENA control the 
transmission of data between pol s at reset. 


?1112( 


tRWH 


Rm" 


~ 


tES 
tEH 


EN" 


uJ 


tAS 
tAH 


A2A 


uJ 


tAS 
tAH 


A'A 


mzJ 


tAS 
tAH 


Ao" 


OEA 


NOTES: 
1. The Port A Parity Error Flag (PFAl eflects the parity status of data present on tho data bus. 
2. The status of OEA does not gate re ld or write operations. 
3. If OEA is left LOW during a write of eration, then the previous data held in the output latch is 
written back into FIFO #1. 


ENB .E 


OEB 1- 
IA 
J 


IXZ 
tDS 
tDH 


DOB - D35B 
DATA IN 


NOTES: 
1. The Port B Parity Error Flag (PF ) reflects the parity status of data present on the data bus. 
2. The status of OEB does not gate read or write operations. 
3. If OEB is left LOW during a write )peralion, then the previous data held in lhe oUlpullatch 
is 
written back into FIFO #2. 


NOTES: 


1. Both edges of MBF2 are synchronized to the Port A clock, CKA• 
2. Both edges of MBF, are synchronized to the Port B c:ock, CKe. 
3. There is a maximum of two CKe clock cycles of syncluonizalion 
latency before MBF, 
is asserted to indicate valid new mailbox data. 


4. The status of mailbox flags does not prevent mailbox read or write operations. 


MBF1 


MAXIMUM OF 2 CKA 
CYCLES LATENCY 


CKA 


tMB!' 


MBF2 


OEB 


tA 
tA 


NOTES: 


1. Both edges of MBF2 are synchronized to the Port A clock, CKA. 
2. Both edges of MBF 1 are synchronized to the Port B clock, CKB. 
3. There is a maximum of two CKA clock cycles of synchronization latency before MBF2 
is asserted to indicate valid new mailbox data. 


4. The status of mailbox flags does not prevent mailbox read or write operations. 


\_- 


==='~l=~==== 


NOTES: 
1. For valid flag address codes and data formats, see Table 3. 
2. If flag status is altered by flag programming, the updated flags will be valid within a time ~F. 


NOTES: 


1. tASSand tASHneed not be met unless a rising edge of CKA or eKe occurs while that clock is enabled. 


2. lASSis the time needed to deassert RTz before returning 10a normal FIFO cycle. 


3. lASH Is the time 
needed 
before 
asserting 
AT 2 after 
a normal 
FIFO cyde. 


NOTES: 


1. 'Rss and ~H 
need not be met unless a rising edge of CKA or CKe occurs while that clock is enabled. 


2. 'Rss is the time needed to deassert RT, before returning to a normal FIFO cycle. 


3. 
~H 
is the time needed before asserting RT, after a normal FIFO cycle. 


NOTES: 
1. A2A• AlA. AcA. and Ace are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held LOW. 
4. ~RL 
(First Read Latency) - The first read following an empty condition 
may begin no earlier than ~RL after the first write to an empty FIFO. 
to ensure that valid read data is retrieved. 


Figure 22. 
FIFO #1 Write and Read Operation 
in 
Near-Empty 
Region 


NOTES: 
1. A2A•A'A. ~A. and ~e 
are all held HIGH for FIFO access. 
2. OEA is held HIGH. 
3. OEe is held lOW. 
4. lrRL (First Read latency) 
- The first read following an empty condition 
may begin no earlier than lrRL after the first write to an empty FIFO. 
to ensure that valid read data is retrieved. 


Figure 23. 
FIFO #2 Write and Read Operation 
in 
Near-Empty 
Region 


NOTES: 
1. ~. 
A'A. A"A' and A"s are all held HIGH for FIFO acx:ess. 


2. OEA is held HIGH. 
3. OEs is held LOW. 
4. tFWL (First Write Latency) - The first write following a full condition 
may begin no earlier than tFWL after the first read from a full FIFO, 
to ensure that valid write data is written. 


Figure 24. 
FIFO #1 Read and Write Operation 
in 
Near-Full Region 


NOTES: 


1. A2A• AlA. 
AoA' and Aoa are all held HIGH 
for FIFO access. 
2. OEA is held LOW. 


3. OEa is held HIGH. 
4. WL (First Write Latency) - The first write following a full condiUon 
may begin no earlier than ~WL after the first read from a full FIFO, 
to ensure that valid write data is written. 


Figure 25. 
FIFO #2 Read and Write Operation 
in 
Near-Full 
Region 


DOB- 
D17B 


I 
I 
I 
WORD 
#n 
WORD 
#n+l 
WORD 
#n+2 


D'88- 
D35B 
I 
I 
I 
WORD 
#n 
WORD 
#n+l 
WORD 
#n+2 


NOTES: 


1. ~ 
is held HIGH 
for FIFO access. 


2. OEB is held LOW. 


3. WSo is held HIGH 
and WS, 
is held LOW 
for double-byte 
access. 


Figure 26. 
Port B Double-Byte FIFO #1 Read Access for 
36-to-18 Funneling 


BI1~ 
18-~ 
I 
WORD 
#n+2 


NOTES: 


1. ~ 
is held HIGH for FIFO access. 


2. OE. 
is held HIGH. 


3. WSo is held HIGH and WS, 
is held LOW for double-byte 
access. 


Figure 27. 
Port B Double-Byte FIFO #2 Write Access for 
18-t0-36 Defunneling 


I 
WORD #n 


I 


WORD #n+1 


~~ 
~~ 
I 
I 
WORD #n 
WORD 
#n+1 


~~ 
~~ 


I 
I 
WORD 
#n 
WORD #n+1 


NOTES: 
1. AoBis held HIGH for FIFO access. 
2. OEB is held LOW. 
3. WSo and WS, both are held LOW for single-byte access. 


Figure 28. 
Port B Single-Byte 
FIFO #1 Read Access for 
36-t0-9 Funneling 


NOTES: 
1. AoB is held HIGH for FIFO access. 
2. OEB is held HIGH. 
3. WSo and WS, bolh are held LOW lor single-byte 
access. 


Figure 29. 
Port B Single-Byte 
FIFO #2 Write Access for 
9-to-36 Defunneling 


Oulside 
Ihe 'almosl-e~ty' 
regiTon, 
Starting 
at the Ihird cycle aller enlering 
the 


acknowledge 
is continuous 
_ 
'almost-empty' 
region, 
acknowledge 


for a continuous request. 
occurs on every third cycle to prevent underrun 
of lhe emply 
condilion. 


* 
* 
* 
* 
* 


NOTES: 


1. For a FIFO access to occur, 
REO and EN musl be held HIGH for Ihe required selep and hold limes. 


2. ACK can be fied direclly 
10 EN 10 direclly 
gale FIFO accesses. 


• 
Indicates 
where a wr~e would lake place, if ACK were lied 10 EN. 


3. REO must be mainlained 
HIGH throughoul 
the enlire clock cycle for ACK 10 be generaled. 


4. When the REQlACK 
handshake 
is nol used, ACK can be ignored, 


and REO may be lied HIGH or used as a second enable. 


Outside the 'almost-empty' regi0=t-n, 
Starting at the third cycle after entering the 
acknowledge is continuous 
'almost-empty' region, acknowledge 


for a continuous request. 
occurs on every third cycle to prevent underrun 
of the empty condition. 


* 
* 
* 
* 
* 


CK.. (CKe) 


tRWS 


RiWA 
(RJWel 


tROS 


REOA 
(REOe) 


tACK 
tACK 
tACK 
tACK 


ACKA 
(ACKe) 


AE2 
(AE,l 


NOTES: 
1, For a FIFO access to occur, REO and EN must be held HIGH for the required setup and hold times. 
2. ACK can be tied directly to EN to directly gate FIFO accesses. 


* Indicates where a read would take place, if ACK were tied to EN. 


3. REO must be maintained HIGH throughout the entire clock cycle for ACK to be generated. 
4. When the REO/ACK handshake is not used, ACK can be ignored, 
and REO may be tied HIGH or used as a second enable. 


LH5420 
Device Type 
X 
Package 
-## 


SPl:~J 
~~ 
Cycle Times (ns) 
~35 


'-- 
-<fp 132-Lead, 
Plastic Quad Flat Package 
(PQFP132-P-S950) 
lY 120-Lead, 
Pin-Grid-Array 
Package 
(pGA120-C-S1360) 
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28-PIN PDIP 
TOP VIEW 
32-PIN PLCC 
TOP VIEW 
28-PINSOJ· 
W 
Vcc 
0 0' I~ 
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8 .. 0'" 
z 
> 
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D. 
D. 
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D5 


D2 
D. 
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D, 
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Do 
FURT 
NC 


Xi 
AS 
FURT 
ff 
EF 
AS 
00 
XO/HF 
EF 


a, 
07 
XO/HF 


O2 
a. 
07 


03 
05 
O2 
a. 


15 16 
17 18 
19 
a. 
a. 


Vss 
R 
a 0 
'" 
c..> 
Ia: a 0 
~ 
Z 


540201-20 
540201-30 


Figure 
1. 
Pin Connections 
for PDIP • and SOJ • 
Figure 
2. 
Pin Connections 
for PLCC Package 
Packages 


• 
Fast Access Times: 
15/20/25/35/50/65/80 
ns 


• 
Fast-Fall-Through 
Time Architecture 
Based on 
CMOS Dual-Port SRAM Technology 


• 
Input Port and Output Port Have Entirely 
Independent 
Timing 


• 
Expandable 
in Width and Depth 


• 
Full, Half-Full, and Empty Status Rags 


• 
Data Retransmission 
Capability 


• 
TIL-Compatible 
I/O 


• 
Pin and Functionally 
Compatible 
with Sharp 
LH5496197 and with AmtIDT/MS7201/02 


• 
Control Signals Assertive-LOW 
for Noise Immunity 


• 
Packages: 
28-Pin, 300-mil 
PDIP 
28-Pin, 600-mil PDIP • 
28-Pin, 300-mil SOJ • 
32-Pin PLCC 


FUNCTIONAL DESCRIPTION 


The LH540201/02 
is a FIFO (First-In, First-Out) mem- 
ory device, based on fully-static CMOS dual-port 
SRAM 
technology, 
capable 
of storing 
up to 51211024 
nine-bit 
words. 
It follows the industry-standard 
architecture 
and 
package pinouts for nine-bit asynchronous 
FIFOs. Each 
nine-bit 
LH540201/02 
word 
may consist 
of a standard 
eight-bit byte, together 
with a parity bit or a block-mark- 
ing/framing 
bit. 


The 
input 
and 
output 
ports 
operate 
entirely 
inde- 
pendently 
of each other, unless 
the LH540201/02 
be- 
comes either totally full or else totally eflllty. 
Data flow at 
a port is initiated by asserting either oftwo asynchronous, 
assertive·LOW 
control i~ts: 
Write (W) for data entry at 
the input port, or Read (R) for data retrieval at the output 
port. 


Full, Half-Full, 
and 
Empty 
status 
flags 
monitor 
the 
extent to which the internal memory has been filled. The 
system 
may make use of these status outputs to avoid 
the risk of data loss, which otherwise 
might occur either 
by attempting to write additional words into an already-full 
LH54020'll02, 
or by attempting 
to read additional words 
from 
an 
already-empty 
LH540201/02. 
When 
an 
LH540201/02 
is operating 
in a depth-cascaded 
configu- 
ration, the Half-Full Flag is not available. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


FUNCTIONAL DESCRIPTION (cont'd) 


Data 
words 
are 
read 
out from 
the 
LH540201/02's 
output port in precisely 
the same order that they were 
written in at its input port; 
that is, according to a First-In, 
First Out (FIFO) queue discipline. 
Since the addressing 
sequence 
for a FIFO device's 
memory 
is internally pre- 
defined, 
no external 
addressing 
information 
is required 
for the operation 
of the LH540201/02 
device. 


Drop-in-replacement 
compatibility 
is maintained 
with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous 
FIFOs. The only change is in the 
number 
of internally-stored 
data words 
implied 
by the 
states of the Full Flag and the Half-Full Flag. 


The Retransmit (RT) control signal causes the internal 
FIFQ.memory-array 
read-address 
pointer to be set back 
to zero, to point to the LH540201/02's 
first physical mem- 
ory location, 
without 
affecting 
the internal 
FIFO-mem- 
ory-array 
write-address 
pointer. 
Thus, 
the 
Retransmit 
control signal provides a mechanism 
whereby a block of 
data, delimited 
by the zero physical 
address 
and the 
current 
write-address-pointer 
value, 
may be read out 
repeatedly an arbitrary number of times. The only restric- 
tions are that neither the read-address 
pointer 
nor the 
write-address 
pointer may 'wrap around' during this entire 
process, 
I.e., advance 
past physical 
location zero after 
traversing the entire memory. The retransmit facility is not 


RS 
J__ 
R_E_S_ET_ 
I 
LOGIC 


available when an LH540201/02 
is operating 
in a depth- 
expanded 
configuration. 


The Reset (RS) control signal retums the LH540201/02 
to an 
i itial state, 
empty 
and 
ready 
to be filled. 
An 
LH540201/02 
should 
be 
reset 
during 
every 
system 
power-up sequence. A reset operation causes the internal 
FIFQ.mllmory-array 
write-address 
pointer, as well as the 
read-address 
pointer, to be set back to zero, to point to 
the LH540201/02's 
first physical 
memory 
location. 
Any 
information 
which previously 
had been stored within the 
LH540201/02 
is not recoverable 
after a reset operation. 


Acascading 
(depth-expansion) 
scheme may be imple- 
mented by using the Expansion 
In (XI) input signal and 
the Expansion 
Out (XOIHF) 
output signal. This scheme 
allows a deeper 
'effective 
FIFO' to be implemented 
by 
using two or more individual LH540201/02 
deVices, with- 
out incurring 
additional 
latency 
('fallthrough' 
or 'bubble- 
through') delays, and without the necessity of storing and 
retrieving 
any given data word more than once. In this 
cascaded operating mode, one LH540201/02 device must 
be designated 
as the 'first-load' 
or 'master' 
device, 
by 
grounding its First-Load (FURT) control input; the remain- 
ing LH540201/02 
devices are designated 
as 'slaves,' by 
tying their FURT 
inputs HIGH. Because 
of the need to 
share control signals on pins, the Half-Full 
Flag and the 
retransmission 
capability are not available for either' mas- 
ter' or 'slave' 
LH540201/02 
devices 
operating 
in cas- 
caded mode. 


LH540201/02 


PIN DESCRIPTIONS 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


00-08 
I 
Oo-Os 
orz 


W 
I 
R 
I 
EF 
0 
FF 
0 


Reset 


The LH540201/02 
is reset whenever 
the Reset input 
(RS) is taken LOW. A reset operation 
initializes both the 
read-address 
pointer 
and the write-address 
pointer 
to 
point to location zero, the first physical me~ry 
location. 


During a reset operation, 
the state of the XI and FURT 
inputs determines 
whether 
the device 
is in standalone 
mode or in depth-eascaded 
mode. (See Tables 1 and 2.) 


A 
reset 
operation 
is 
required 
wh~ever 
the 
LH540201/02 
first is powered up. The Read (R) and Write 
(W) inputs may be in any state when the reset operation 
is initiated; 
but they 
must be HIGH, 
before the 
reset 
operation 
is terminated 
by a rising edge of RS, by a time 
tRRSS (for Read) or tWRSS (for Write) respectively. 
(See 
Figure 10.) 


Write 


A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed 
for the data inputs (Do - De). Write opera- 
tions may occur independently 
of any ongoing 
read op- 
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 


At the falling edge of W for the first write operation after 
the memory 
is half filled, the Half-Full 
Flag is asserted 
(HF = LOW). 
It remains 
asserted 
until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining 
in the LH540201/02 
are 
filling the FIFO memory to less than or equal to one-half 
of its total capacity. 
The 
Half-Full 
Flag is de~serted 
(HF = HIGH) by the appropriate 
rising edge of R. (See 
Table 3.) 


The Full Rag is asserted (FF = LOW) althe falling edge 
of W for the write operation 
which fills the last available 
location 
in the FIFO memory 
array. FF = LOW inhibits 
further write operations 
until FF is cleared by a valid read 
operation. The Full Flag is deasserted 
(FF = HIGH) after 
the next rising edge otR 
releases another memory loca- 
tion. (See Table 3.) 


PIN 
PIN TYPE' 
DESCRIPTION 


XO/~IF 
0 
Exoansion 
Out/Half-Full 
Flaa 


XI 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Suoolv 


Vss 
V 
Ground 


Read 


A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes 
valid at the data 
outputs (00 - 08) after a time tA from the falling edge of 
R. After 
R goes 
HIGH, 
the data 
outputs 
return 
to a 
high-impedance 
state. Read operations 
may occur inde- 


pendently 
of any ongoing 
write operations. 
However, 
a 
read operation 
is possible only if the FIFO is not empty 
(Le., if the Er11JtyFlag EF is HIGH). 


The 
LH540201/02's 
internal 
read-address 
and 
write-address 
pointers operate 
in such a way that con- 


secutive read operations always access data words in the 
same order that they were written. 
The Empte Rag is 
asserted 
(EF = LOW) after that falling edge of R which 
accesses the last available data word in the FIFO mem- 
ory. EF is deasserted 
(EF = HIGH) after the next rising 
edge otW 
loads another valid data word. (See Table 3.) 


Data Flow-Through 


Read-data flow-through 
mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Flag EF momentarily 
is 
deassertlJd, 
and the 
data 
word 
just 
written 
becomes 
available 
at the data outputs 
(00 - 08) after a maxi- 
mum time oftwEF +!A.Additional write operations may occur 
while the R input remains LOW; but only data from the 
first write operation 
flows through 
to the data outputs. 


Additional 
data words, if any, may be accessed 
only by 
toggling R. 


Write-data 
flow-through 
mode occurs when the Write 
(W) input is brought LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Rag momentarily 
is deasserted, 
but 
then immediately 
is reasserted 
in response 
to W being 
held LOW. A data word is written into the FIFO on the 
rising 
edge 
of W, which 
may 
occur 
no Sooner than 
tRFF+ twpw after the read operation. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 
LH540201/02 


Table 1. Grouping-Mode 
Determination 
During 
a Reset Operation 
OPERATIONAL DESCRIPTION (cont'd) 


Retransmit 


The FIFO can be made to reread previously-read 
data 
by means of the Retransmit function. A retransmit ~era- 
tion is inniated by pulsing the RT input LOW. Both R and 
W must be deasserted 
(HIGH) 
for the duration 
of the 
retransmit 
pulse. 
The 
FIFO's 
internal 
read-address 
pointer is reset to point to location zero, the first physical 
memory 
location, 
while 
the 
internal 
write-address 
pointer remains unchanged. 


After a retransmit 
operation, 
those data words in the 
region in between 
the 
read-address 
pointer 
and the 
write-address 
pointer may be reaccessed by subsequent 
read operations. 
A retransmn 
operation 
may affect the 
state of the status flags FF, HF, and EF, depending 
on 
the relocation 
of the read-address 
pointer. There is no 
restriction 
on the number of times that a block of data 
wnhin an LH540201/02 
may be read out, by repeating the 
retransmit operation and the subsequent 
read operations. 


The maximum 
length of a data block which may be 
retransmitted 
is 512/1024 words. Note that if the write-ad- 


dress pointer ever 'wraps around' 
(i.e., passes 
location 
zero more than once) during a sequence 
of retransmit 
operations, 
some data words will be lost. 


The 
Retransmit 
function 
is not available 
when 
the 
LH540201/02 
is operating 
in depth-cascaded 
mode, 


because the FURT control pin must be used for first-load 
selection rather than for retransmission 
control. 


Xi 
FU 
MODE 
XO/HF 
XI 
FURT 
RT 
USAGE 
USAGE 
USAGE 


HI 
Cascaded 
XO 
XI 
- 
H 
Slave 2 
FL 


HI 
Cascaded 
XO 
XI 
- 
L 
Master 2 
FL 


L 
X 
Standalone 
HF 
(none) 
RT 


NOTES: 
1. A resetc,peration forces XO HIGH for the nth FIFO, thus forcing 
Xi HIGH for the n+1st FIFO. 


2. The terms 'master' and 'slave' refer to operation in depth-<:as- 
caded grouping mode. 


3. H = HIGH; L ~ LOW; X - Don't Care. 


Table 2. Expansion-Pin 
Usage According 
to 
Grouping 
Mode 


I/O 
PIN 
CASCADED 
CASCADED 
STANDALONE 
MASTER 
SLAVE 


FromXQ 
FromXO 
I 
Xi 
Grounded 
(n-1st 
(n-151 
FIFO) 
FIFO) 


Becomes 
To XI 
To XI 
0 
XO/HF 
HF 
(n+1st 
(n+1st 
FIFO) 
FIFO) 


Becomes 
Grounded 
Logic 
I 
FURT 
(Logic 
RT 
LOW) 
HIGH 


LH540201 
LH540 202 


NUMBER OF UNREAD DATA 
NUMBER OF UNREAD DATA 
- 
- 
- 
- 
- 
- 
WORDS PRESENT WITHIN 
FF 
HF 
EF 
WORDS PRESENT WITHIN 
FF 
HF 
EF 
512 x 9 FIFO 
1024 x9 FIFO 


0 
H 
H 
L 
0 
H 
H 
L 


1 to 256 
H 
H 
H 
1 to 512 
H 
H 
H 


257 to 511 
H 
L 
H 
513 to 1023 
H 
L 
H 


512 
L 
L 
H 
1024 
L 
L 
H 


Width 
Expansion 


Word-width 
expansion 
is implemented 
by placing 
multiple 
LH540201/02 
devices 
in 
parallel. 
Each 
LH54020 1/02 should be config ured for standalone 
mode. 


In this arrangement, 
the behavior 
of the status flags is 
identical for all devices; so. in principle, 
a representative 
value for each of these flags could be derived from any 
one device. 
In practice. 
it is better to derive 'composite' 
flag values using external logic. since there may be minor 
speed variations 
between 
different 
actual devices. 
(See 
Figures 4, 5, and 6.) 


CMOS 512 x 9/1024 x 9 
Asynchronous 
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LH540201 102 


OPERATIONAL 
MODES 


Standalone 
Configuration 


When 
depth 
cascading 
is not required 
for a given 
application, 
the LH540201/02 
is placed..in 
standalone 
mode by tying 
the Expansion 
In input 
(XI) to ground. 


This input 
is internally sampled during a reset operation. 


(See Table 1.) 


HF 


Vi 
A 
WRITE 
READ 


DATA IN 
9 
9, 
DATA OUT 
Do - D8 
> 
00-08 


LH540201/02 
FF 
EF 
EMPTY FLAG 
FULL FLAG 
. 


RS 
RT 
RETRANSMIT 
RESET 


Xi 
-- 


540201-17 


Figure 
4. Standalone 
FIFO 
(512 x 9/1024 x 9) 
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t 
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9 
9 
- 
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EMPTY FLAG 
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LL FLAG 
FF 
LH540201/02 
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- 
- 
RS 
RS 
RESET 
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- 
- 
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RT 
RETRANSMI 
_. 


9, 
9 
/ 
1..XI 
1.XI 
18, 
- 
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DATA OUT 
00 -017 


Figure 
5. FIFO Word-Width 
Expansion 
(512 x 18/1024 x 18) 
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OPERATIONAL 
MODES (cont'd) 


Depth 
Cascading 


Depth cascading 
is implemented 
by configuring 
the 
required 
number 
of LH540201/02s 
in depth-cascaded 
mode. In this arrangement, 
the FIFOs are connected 
in a 
circular fashion, 
with the Expansion 
Out output (XO) of 
each device tied to the Expansion 
In input (XI) of the next 
device. One FIFO in the cascade must be designated 
as 
the 'first-load' device, by tying its First Load i~l!!J.FURT) 
t? ground. All other devices mus!..bave their FURT inputs 
lied HIGH. In this mode, Wand 
R signals are shared by 
all devices, while logic within each LH540201/02 
controls 
the steering 
of data. Only one LH540201/02 
is enabled 


Vi 


DATA IN 
Do, Os 


during any given write cycle; thus, the common 
Data In 
inputs of all devices are tied together. Likewise, only one 
LH540201/02 
is enabled 
during 
any given 
read cycle; 


thus, the common 
Data Out outputs 
of all devices 
are 
wire-ORed 
together 


In depth-cascaded 
mode, 
external 
logic should 
be 
used to generate a composite 
Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540201/02 
devices 
together 
and 
ANDing 
the 
EF outputs 
of all 
devices 
together. Since FF and EF are assertive-LOW 
signals, 
this 'ANDing' 
actually 
is implemented 
using an 
assertive-HIGH 
physical OR gate. The Half-Full Flag and 
the Retransmit 
function 
are not available 
in depth-cas- 
caded mode. 


R 


DATA OUT 
°o'Os 


FF 
LH540201/02 
EF 


RS 


Figure 
6. FIFO Depth Casl=ading 
(1536 x 9/3072 x 9) 
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OPERATIONAL MODES (cont'd) 


Compound FIFO Expansion 


A combination 
of word-width 
expansion 
and depth 
cascading 
may 
be 
implemented 
easily 
by operating 
groups of depth-cascaded 
FIFOs in parallel. 


CMOS 512 x 9/1024 x 9 
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FIFO 


Bidirectional 
FIFO Operation 


Bidirectional 
data buffering between two systems may 
be implemented 
by operating 
LH540201/02 
devices 
in 
parallel, but in opposite directions. 
The Data In inputs of 


each LH540201/02 
are tied to the corresponding 
Data 
Out outputs of another LH540201/02, 
which is operating 
in the opposite direction, to form a single bidirectional 
bus 
interface. 
Care must be taken to assure that the appro- 
priate read, write, and flag signals 
are routed to each 
system. Both word-width expansion 
and depth cascading 
may bH used in bidirectional 
applications. 


LH540201/02 
DEPTH 
EXPANSION 
BLOCK 


LH540201/02 
DEPTH 
EXPANSION 
BLOCK 


LH540201/02 
DEPTH 
EXPANSION 


BLOCK 


. 


LH540201/02 
. 


Dan. 
Oba .• 


..L XI 
- 


Olio .• 
Dba .• 


LH540201/02 
. 


l-XI 


Figure 8. Bidirectional FIFO Operation 
(512 x 9 x 2/1024 x 9 x 2) 
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ABSOLUTE 
MAXIMUM RATINGS 1 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
V to7 V 


Signal Pin Voltage to Vss Potential 2 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 3 
±SO mA 


Storage Temperature 
Range 
-65°C 
to 1SOoC 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other ccmditions outside of those indicated in the 'Operating 
Range' of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
2. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


3. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature. 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Voltage 
1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTES: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
~ 


ILO 
Output Leakage Current 
R ~ VIH, 0 V '5,VOUT'5,Vcc 
-10 
10 
~ 


VOH 
Output 
HIGH Voltage 
IOH=-2.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average 
Supply Current 
1 
Measured at f = 40 MHz 
100 
mA 


Icc2 
Average 
Standby Current 1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 
1 
All Inputs = Vcc - 0.2V 
5 
mA 


NOTES: 
1. 
Ice, Icc2, and IcC3are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 9 


Uk 
OHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5 pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances are maximum values at 2SoC,measured at 1.0MHz, with V,N _ 0 V. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 
PRELIMINARY 


AC ELECTRICAL CHARACTERISTICS) 
1 (Over Operating Range) 


SYMBOL 
PARAMETER 
III.= 15 na III.= 20 ns 
IA=25ns 
II.= 35 naTIA = 50 na 
IA=65na 
II.=80na 
UNIT 
I u,••IUAYI 
U, •• IUAY! 
U, •• IUAYI u,••.•• 
_1 ••••• 
IUAyj 
U, •• IUAYI 


READ 
CYCLE 
TIMING 


tRC 
Read Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tA 
Access 
Time 
- 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tRR 
Read Recoverv 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pu Ise Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRLZ 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


twLZ 
Data Bus Active from Write HIGH 4,5 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Valid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


tRHZ 
Data Bus High-Z from Read HIGH 3 
- 
15 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


twPW 
Write Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWR 
Write Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setup Time 
10 
- 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold Time 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


tRSC 
Reset Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tRS 
Reset Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


RETRANSMIT 
TIMING 
5 


tRTC 
Retransmit 
Cycle Time 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 - 
ns 


tRT 
Retransmit 
Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


twRSS 
Write HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


FLAG 
TIMING 


tEFL 
Reset LOW to Empty 
Flag LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset HIGH to Half-Full 
and Full 
- 
25 
- 
30 
- 
35 
45 
65 
80 
100 
Flags HIGH 
- 
- 
- 
- 
ns 


tREF 
Read LOW to Empty 
Flag LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRFF 
Read HIGH to Full Flag HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Emoty 
Flaa HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flag LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWHF 
Write LOW to Half-Full 
Flaa LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRHF 
Read HIGH to Half-Full 
Flag HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


EXPANSION 
TIMING 


tXOL 
Expansion 
OUt LOW 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
OUt HIGH 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tx, 
Expansion 
In Pulse Width 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Expansion 
In Recovery 
Time 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
in Setup Time 
7 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
,. 
All timing measurements are performed at'AC Test Condition' levels. 


2. 
Pulse widths 
less than minimum 
value are not allowed. 


3. 
Values are guaranteed by design; not curren~y tested. 


4. 
Only applies to read-data flow-through mode. 
5. 
See also Note 2, Figure 19. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


tFFH 
tHFH 
mJmflJiml/~mzz/~---- 


NOTES: 


1. t..SC - t..S + t..SR· 
2. Viand R ~ V'H around the rising edge of RS. 


we 


twPW 
tWR 
/ 


tos 
tOH 


VALID DATA IN r---{ 
VALID DATA IN 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


LAST READ 
FIRST WRITE 


\ 


tREF 
tWEF 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


Do - OS XXXXXXXXX 
VALID DATA IN x:mxXXXXXXXXXXXXXXX 


NOTES: 


1. tAPE= ~pw. 
2. tAPE:Effective Read Pulse Width after Empty Flag HIGH. 


NOTES: 


1. IwPF = IwPw 
2. IwPF: Effective Write Pulse Width after Full Flag HIGH. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


\"""--------Ie 
tWEF 


NOTES: 


1. ~PE -tRPW 
2. ~PE: Effective Read Pulse Width alter Empty Flag HIGH. 


\"""-----[ 
tRFF 


NOTES: 


1. lwPF = twpw 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


1'--__ 
--'1 


tRT 


-{~t'_RTR 
------~l"'-------'I- 
R,W 


NOTES: 
1.tRTC- t"T + tRTR 
2. FF, HF and EF may changestateduring retransmit,butlhey will becomevalid by t"TC- 


CMOS 512 x 9/1024 x 9 
Asynchronous 
FIFO 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
LOCATION 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


LH540201/02 
Device Type 
sf~[~! 
A'~$ Tim,("'I 
50 
65 
80 


Blank 
28-pin, 600-mil 
Plastic DIp· 
(DIP28-P-600) 
L- 
-< D 
28-pin, 300-mil 
Plastic DIP (DIP28-W-300) 


K 
28-pin, 300-mil SOJ • (SOJ28-P-300) 
U 
32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 
L- 
CMOS 51211024 x 9 FIFO 


X 
Package 


• This is a Preliminary 
data sheet; except that all references 
to the 
600-mil 
Plastic DIP and SOJ packages 
still have Advance 
information 
status. 


Example: 
LH540201/02U-25 
(CMOS 51211024 x 9 FIFO, 32-pin PLCC, 25 ns) 


LH540203 


28-PIN PDIP 
TOP VIEW 
32-PIN PLCC 
0 
0 
TOP VIEW 
W 
0' 0' I~ 
0 
Q 
IS 
28-PINSOJ 
• 
Vcc 
z 
> 


08 
D. 
03 
05 
O2 
D. 
O2 
D. 
0, 
07 
0, 
07 


Do 
FUiIT 
Do 
NC 


Xi 
AS 
Xi 
FURl" 


FF 
IT 
FF 
RS 


00 
XO/HF 
00 
IT 
a, 
07 
a, 
XO/Hl' 


NC 
07 
a. 
a. 
O2 
03 
05 
a. 


15 16 
17 
19 
a. 
o. 


Vss 
R 
0' a 
'" 0 
Ill: 0 0' 
':%' 
Z 


540204-20 
540203-30 


Figure 
1. 
Pin Connections 
for PDlp· 
and SOJ • 
Figure 
2. 
Pin Connections 
for PLCC Package 
Packages 


• 
Fast Access Times: 
15/20/25135/50/65/80 
ns 


• 
Fast-Fall-Through 
Time Architecture 
Based on 
CMOS Dual-Port SRAM Technology 


• 
Input Port and Output Port Have Entirely 
Independent 
Timing 


• 
Expandable 
in Width and Depth 


• 
Full, Half-Full, and Empty Status Rags 


• 
Data Retransmission 
Capability 


• 
TIL-Compatible 
I/O 


• 
Pin and Functionally 
Compatible 
with Sharp LH5498 
and with AmlIDT/MS7203 


• 
Control Signals Assertive-LOW 
for Noise Immunity 


• 
Packages: 


28-Pin, 300-mil 
PDIP 
28-Pin, 600-mil PDIP • 
28-Pin, 300-mil SOJ· 
32-Pin PLCC 


FUNCTIONAL DESCRIPTION 


The LH540203 
is a FIFO (First-In, First-Out) 
memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable 
of storing up to 2048 nine-bit words. 
It 
follows the industry-standard 
architecture 
and package 
pinouts for nine-bit asynchronous 
FIFOs. Each nine-bit 
LH540203 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing 
bit. 


The 
input 
and 
output 
ports 
operate 
entirely 
inde- 
pendently of each other, unless the LH540203 
becomes 
either totally full or else totally elJl)ty. Data flow at a port 
is initiated by asserting 
either of two asynchronous, 
as- 
sertive-LOW 
control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, 
and 
Empty 
status 
flags 
monitor 
the 
extent to which the intemal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise 
might occur either 
by attempting to write additional words into an already-full 
LH540203, or by attempting to read additional words from 
an already-empty 
LH540203. 
When 
an LH540203 
is 
operating in a depth-cascaded 
conflQuration, the Half-Full 
Flag is not available. 


FUNCTIONAL DESCRIPTION (cont'd) 


Data words are read out from the LH540203's 
output 
port in precisely the same order that they were written in 
at its input port; 
that is, according to a First-In, First Out 
(FIFO) queue discipline. Since the addressing 
sequence 
for a FIFO device's 
memory 
is internally predefined, 
no 
external addressing 
information 
is required for the opera- 
tion of the LH54020S device. 


Drop-in-replacement 
compatibility 
is maintained 
with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous 
FIFOs. The only change is in the 
number 
of internally-stored 
data words 
implied 
by the 
states of the Full Flag and the Half-Full Flag. 


The Retransmit 
(RT) control signal causes the internal 
FIFo-memory-array 
read-address 
pointer to be set back 
to zero, to point to the LH54020S's first physical memory 
location, 
without 
affecting 
the internal 
FIFO-memory- 
array write-address 
pointer. Thus, the Retransmit control 
signal provides 
a mechanism 
whereby 
a block of data, 
delimited 
by the zero physical 
address 
and the current 
write-address-pointer 
value, may be read out repeatedly 
an arbitrary nu mber of times. The only restrictions are that 
neither the read-address 
pointer 
nor the write-address 
pointer may 'wrap around' during this entire process, I.e., 
advance 
past physical 
location zero after traversing 
the 
entire 
memory. 
The 
retransmit 
facility 
is not available 


RS ..... J.... 
_R_E_S_ET_ 
I 
LOGIC 


when an LH540203 
is operating 
in a depth-expanded 
co nfig uration. 


The Reset (RS) control signal returns the LH54020S 
to an 
initial 
state, 
empty 
and 
ready 
to be filled. 
An 
LH54020S should be reset during every system power-up 
sequence. 
A reset operation 
causes 
the internal 
FIFO- 
memory-array 
write-address 
pointer, as well as the read- 
address 
pointer, to be set back to zero, to point to the 
LH54020S's first physical memory location. Any informa- 
tion 
which 
previously 
had 
been 
stored 
within 
the 
LH54020S is not recoverable 
after a reset operation. 


A cascading (depth-expansion) 
scheme may be imple- 
mented by using the Expansion 
In (XI) input signal and 
the Expansion 
Out (XO/HF) 
output signal. This scheme 
allows a deeper 
'effective 
FIFO' to be implemented 
by 
using two or more individual 
LH54020S devices, without 
incurring 
additional 
latency 
('fallthrough' 
or 
'bub- 
blethrough') 
delays, and without the necessity 
of storing 
and retrieving any given data word more than once. In 
this cascaded 
operating 
mode, 
one LH54020S 
device 
must be designated 
as the 'first-load' 
or 'master' device, 


by grounding 
its First-Load 
(FURT) 
control 
input; the 
remaining LH54020S devices are designated 
as 'slaves,' 
by tying their FURT inputs HIGH. Because of the need to 
share control signals on pins, the Half-Full 
Flag and the 
retrans miss ion capabi lity are not available for either' mas- 
ter' or 'slave' LH54020S 
devices 
operating 
in cascaded 
mode. 


CMOS 2048 x 9 Asynchronous 
FIFO 


PIN 
PINTYPE' 
Do-Os 
I 
OO-Os 
OIZ 
W 
I 
R 
I 
EF 
0 
FF 
0 


Reset 


The LH540203 
is reset whenever the Reset input (RS) 
is taken LOW. A reset operation 
initializes both the read- 
address pointer and the write-address 
pointer to point to 
location zero, the first physical 
memory 
location. During 
a reset operation, 
the state of the Xi and FURT inputs 
determines 
whether the device is in standalone 
mode or 
in depth-cascaded 
mode. (See Tables 1 and 2.) 


A reset operation 
is required ~henever 
the LH540203 
first is powered 
up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation 
is initiated; 
but they must be HIGH, 
befor~he 
reset operation 
is 
terminated 
by a rising edge of RS, by a time tRRSS (for 
Read) ortwRss 
(for Write) respectively. 
(See Figure 10.) 


Write 


A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed 
for the data inputs (Do - Os). Write opera- 
tions may occur independently 
of any ongoing 
read op- 
erations. However, a write operation is possible only if the 
FIFO is not full, (i.e., if the Full Flag FF is HIGH). 


At the falling edge of W for the first write operation after 
the memory 
is half filled, the Half-Full 
Flag is asserted 
(HF = LOW). 
It remains 
asserted 
until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH540203 
are filling 
the FIFO memory to less than or equal to one-half of its 
total 
capacity. 
The 
Half-Full 
Flag 
is dea~erted 
(HF = HIGH) by the appropriate 
rising edge of R. (See 
Table 3.) 


The Full Rag is asserted (FF = LOW) at the falling edge 
of W for the write operation 
which fills the last available 
location 
in the FIFO memory 
array. FF = LOW inhibits 
further write operations 
until FF is cleared by a valid read 
operation. 
The Full Flag is deasserted 
(FF = HIGH) after 
the next rising edge of A releases another memory loca- 
tion. (See Table 3.) 


PIN 
PIN TYPE' 
DESCRIPTION 


xOIFIF 
0 
EXDansion OuVHalf-Full 
Flag 


XI 
I 
Expansion 
In 


FURT 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supplv 


Vss 
V 
Ground 


Read 


A read cycle is initiated by a falling edge of the Read 
(A) control input. Read data becomes 
valid at the data 
outputs (00 - as) after a time tA from the falling edge of 
A. After A goes 
HIGH, 
the data 
outputs 
return 
to a 
high-impedance 
state. Read operations 
may occur inde- 
pendently 
of any ongoing 
write operations. 
However, 
a 
read operation 
is possible only if the FIFO is not empty 
(Le., if the Empty Flag EF is HIGH). 


The LH540203's 
internal 
read-address 
and write- 


address pointers operate in such a way that consecutive 
read operations 
always access data words in the same 
order that they were written. The ErJ'llty Flag is asserted 
(EF = LOW) after that falling edge of A which accesses 
the last available data word in the FIFO memory. 
EF is 
deasserted 
(EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 


Data Flow-Through 


Read-data flow-through 
mode occurs when the Read 
(A) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Rag EF momentarily 
is 
deasserted, 
and the data 
word 
just 
written 
becomes 
available 
at the data outputs 
(00 - as) after a maxi- 
mum timE!oftwEF +IA.Additional write operations may occur 
while the R input remains 
LOW; but only data from the 
first wriW operation 
flows through 
to the data outputs. 


Additional 
data words, if any, may be accessed 
only by 
toggling i'l. 


Write-data 
flow-through 
mode occurs when the Write 
(W) input is brought 
LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Rag momentarily 
is deasserted, 
but 
then immediately 
is reasserted 
in response 
to W being 
held LOW. A data word is written 
into the FIFO on the 
rising 
edge 
of W, which 
may 
occur 
no sooner 
than 
tRFF+ tWF'Wafter the read operation. 


OPERATIONAL DESCRIPTION (cont'd) 


Retransmit 


The FIFO can be made to reread previously-read 
data 
by means of the Retransmit function. A retransmit ~era- 
tion is initiated by pulsing the RT input LOW. Both R and 
W must be deasserted 
(HIGH) 
for the duration 
of the 


retransmit 
pulse. 
The 
FIFO's 
internal 
read-address 
pointer is reset to point to location zero, the first physical 
memory 
location, 
while 
the 
internal 
write-address 
pointer remains unchanged. 


After a retransmit 
operation, 
those data words in the 
region in between 
the read-address 
pointer 
and the 
write-address 
pointer may be reaccessed by subsequent 
read operations. 
A retransmit 
operation 
may affect the 
state of the status flags FF, HF, and EF, depending 
on 
the relocation 
of the read-address 
pointer. There 
is no 
restriction 
on the number of times that a block of data 
within an LH540203 
may be read out, by repeating the 
retransmit operation and the subsequent 
read operations. 


The maximum 
length of a data block which may be 
retransmitted 
is 2048 words. Note that if the write-address 
pointer 
ever 'wraps 
around' 
(Le., passes 
location 
zero 
more than once) during a sequence 
of retransmit opera- 
tions, some data words will be lost. 


The 
Retransmit 
function 
is not available 
when 
the 
LH540203 
~~erating 
in depth-cascaded 
mode, 


because the FURT control pin must be used for first-load 
selection 
rather than for retransmission 
control. 


Table 1. Grouping-Mode 
Detennination 
During 
a Reset Operation 
- 
FU 
XO/HF 
XI 
FURT 
XI 
RT 
MODE 
USAGE USAGE USAGE 


H 1 
H 
Cascaded 
XO 
- 
- 
Slave 2 
XI 
FL 


Hl 
Cascaded 
- 
- 
- 
L 
Master 2 
XO 
XI 
FL 


L 
X 
Standalone 
HF 
(none) 
RT 


NOTES: 
1. A...!.esetoperation 
forcesXO HIGHforthe nth FIFO,thusforcing 
XI HIGHforlhe n+lst FIFO. 


2. Thelimns 'mas1er'and'slave'referto operationindepth-cas- 
cadedgroupingmode. 
3. H - HIGH;L = LOW;X = Don'tCare. 


Table 2. Expansion-Pin Usage According to 
Grouping 
Mode 


I/O 
PIN 
STANDALONECASCADED CASCADED 
MASTER 
SLAVE 


FromXO 
From 


I 
Xi 
Grounded 
(n-1st 
XO 
(n-1st 
FIFO) 
FIFO) 


Becomes 
To XI 
To XI 
0 
XO/HF 
HF 
(n+ 1st 
(n+1st 
FIFO) 
FIFO) 


Becomes 
Grounded 
Logic 
I 
FURT 
RT 
(Logic 
HIGH 
LOW) 


NUMI3EROFUNREADDATA 
wOlms PRESENTWITHIN 
FF 
- 
- 
HF 
EF 
2048 x9 FIFO 


0 
H 
H 
L 


1 to 1024 
H 
H 
H 


1025to 
2047 
H 
L 
H 


2048 
L 
L 
H 


CMOS 2048 x 9 Asynchronous 
FIFO 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 


tiple 
LH540203 
devices 
in parallel. 
Each 
LH540203 
should 
be configured 
for standalone 
mode. 
In this ar- 
rangement, the behavior of the status flags is identical for 
all devices; 
so, in principle, 
a representative 
value for 
each of these flags could be derived fro m anyone 
device. 


In practice, 
it is better to derive 'composite' 
flag values 
using external 
logic, since there 
may be minor speed 
variations between different actual devices. (See Figures 
4,5, 
and 6.) 


Standalone Configuration 


When 
depth 
cascading 
is not required 
for a given 
application, 
the LH540203 
is placedin standalone 
mode 
by tying 
the Expansion 
In input 
(XI) to ground. 
This 
input is internally sampled during a reset operation. (See 
Table 1.) 


HF 


W 
R 


WRITE 
READ 


DATA IN 
9 
H 
DATA OUT 
Do - 08 
°0'°8 


LH540203 
FF 
Ei= 
EMPTY FLAG 
FULL FLAG 


RS 
RT 
RETRANSMIT 
RESET 


Xi 


~203·17 


Figure 4. Standalone FIFO (21148x 9) 


18_ 
tHF 
t 
HF 


9 
9 


W 
W 
EF 
WRITE 
--- 
EMPTY FLAG 
- 
R 
LH540203 
R 
FF 
ULL FLAG 
LH540203 
--- 
READ 
RS 
RS 
RESET 
---- 
AT 
- 
RT 
-- --- 
RETRANSMIT 


9 
9 
, 


~XI 
lXI 
18 
- 
- 


PRELIMINARY 


xo 


w 
R 


DATA IN 
9 
9 
9 
9 
DATA OUT 
Do - D. 
FF 
LH540203 
EF 
00-0. 


RS 


9 
9 


FF 
LH540203 
EF 
EMPTY 


RS 


OPERATIONAL MODES (cont'd) 


Depth cascading 


Depth cascading 
is implemented 
by configuring 
the 
required nu mber of LH540203s 
in depth-cascaded 
mode. 


In this arrangement, 
the FIFOs are connected in a circular 
fas~ion,. with the Expansion 
Out outpu!JXO) 
of each 
device 
tied to the Expansion 
In input (XI) of the next 
device. One FIFO in the cascade 
must be designated 
as 
the 'first-load' device, by tying its First Load ~~URT) 
t? ground. All other devices mus!.!)ave their FURT inputs 
tied HIGH. In this mode, Wand 
R signals are shared by 
all devices, while logic within each LH540203 controls the 
steering of data. 
Only one LH540203 
is enabled during 
any given write cycle; thus, the common Data In inputs of 


all 
devices 
are 
tied 
together. 
Likewise, 
only 
One 
LH540203 
is enabled during any given read cycle; thus, 
the common 
Data Out outputs 
of all devices 
are wire- 
ORed together. 


In depth-cascaded 
mode, 
external 
logic should 
be 
used to generate a composite 
Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540203 
devices 
together 
and 
ANDing 
the 
EF outputs 
of all 
devices 
together. 
Since FF and EF are assertive-LOW 
signals, 
this 'ANDing' 
actually 
is implemented 
using 
an assertive-HIGH 
physical OR gate. The Half-Full Flag 
and the Retransmit 
function 
are not available 
in depth- 
cascaded 
mode. 


OPERATIONAL MODES (cont'd) 


Compound 
FIFO Expansion 


A combination 
of word-width 
expansion 
and depth 
cascading 
may 
be 
implemented 
easily 
by operating 
groups of depth-cascaded 
FIFOs in parallel. 


Bidirectional 
FIFO Operation 


Bidirectional 
data buffering between two systems may 
be implemented 
by operating 
LH540203 
devices in par- 


allel, but in opposite directions. The Data In inputs of each 


LH540m3 
are tied to the corresponding 
Data Out outputs 
of another LH540203, 
which is operating 
in the opposite 
direction, to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read, write, 


and fla9 signals are routed to each system. 
Both word- 
width expansion 
and depth cascading 
may be used in 
bidirectional 
applications. 


LH540203 
DEPTH EXPANSION 
BLOCK 


LH540203 
DEPTH EXPANSION 
~ 
BLOCK 


LH540203 
DEPTH EXPANSION 
BLOCK 


Figure 
8. Bidirectional 
FIFO OpE!ration 
(2048 x9 x 2) 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
V t07 
V 


Signal Pin Voltage to Vss Potential 2 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 3 
±50mA 


Storage Temperature 
Range 
-65°C 
to 1500C 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the 'Operating 
Range' of this specification is not impijed. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 
2. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cyde. 
3. 
Outputs should not be shorted for more than 30 seconds. No more than one outpJt should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
a 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
a 
a 
V 


VIL 
Logic LOW Input Voltage 
1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTES: 


1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = a V to Vcc 
-10 
10 
~ 


ILO 
Output 
Leakage Current 
R ~ VIH, a V :0; VOUT:O;VCC 
-10 
10 
~ 


VOH 
Output 
HIGH Voltage 
IOH= -2.0 
mA 
2.4 
V 


VOL 
Output 
LOW Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average 
Supply Current 
1 
Measured at f = 40 MHz 
100 
mA 


Icc2 
Average Standby 
Current 1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 
1 
All Inputs = Vcc - 0.2V 
5 
mA 


NOTES: 


1. 
Ice. Icc2, and ICC3 are dependent upon actual output loading and cycle rates. Spllcified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference Levels 
1.5 V 


Output 
Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 9 


DEVICE 
UNDER 
TEST 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances are maximum values at 25°C, measured at 1.0MHz, with V,N ~ 0 V. 


SYMBOL 
PARAMETER 
ItA = 15 ns ItA = 20 ns ItA = 25 ns ItA = 35 ns 
tA = 50 ns ItA = 65 ns ItA = 80 ns I UNIT 
,IMAlel 
MIN 
IMAlel MIN 
IMAlel MIN IMAlel 


READ 
CYCLE 
TIMING 


tRC 
Read Cycle lime 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tA 
Access 
lime 
- 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tRR 
Read Recovery 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pu!se Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRLZ 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


tWLZ 
Data Bus Active from Write HIGH 4,5 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Valid from Read Pulse HIGH 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 


tRHZ 
Data Bus Hic:lh-Z from Read HIGH 3 
- 
15 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cvcle lime 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


twPW 
Write Pulse Width 2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWR 
Write Recoverv 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setup lime 
10 
- 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold lime 
0 
- 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


tRSC 
Reset Cycle lime 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRS 
Reset Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recoverv 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


tWRSS 
Write HIGH to RS HIGH 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


RETRANSMIT 
TIMING 
5 


tRTC 
Retransmit 
Cycle lime 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRT 
Retransmit 
Pulse Width 
2 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recovery 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


tEFL 
Reset LOW to Empty 
Flag LOW 
- 
25 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset HIGH to Ha~-Full 
and Full 
25 
30 
35 
45 
65 
80 
100 
Flags HIGH 
- 
- 
- 
- 
- 
- 
- 
ns 


tREF 
Read LOW to Empty 
Flag LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRFF 
Read HIGH to Full Flao HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to ElT¥lty Flag HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flao LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWHF 
Write LOW to Ha~-Full 
Flag LOW 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRHF 
Read HIGH to Ha~-Full 
Flao HIGH 
- 
15 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


EXPANSION 
TIMING 


tXOL 
Expansion 
Out LOW 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Exoansion 
Out HIGH 
- 
18 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXI 
Expansion 
In Pulse Width 
15 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Exoansion 
In Recoverv 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
In Setup lime 
7 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
1, 
All timing measurements are performed at 'AC Test Condition' levels. 


2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values are guaranteed by design: not currently tested. 


4. 
Only applies to read-<lata flow-through mode. 


5. 
See also Note 2, Figure 19. 


FF,HF 


NOTES: 


1. !"se 
= IRS + !"SR' 
2. Viand R ~ V1H around the rising edge of RS. 


we 


Iwpw 
IWR 


IDS 
IOH 


VALID DATA IN --{ 
VALID DATA IN 
}- 


IRFF 


IWFF 


LAST READ 
FIRST WRITE 


\ 
I 
IREF 
lWEF 


Do - 08 XXXXXXXXX 
VALID DATA IN xmooo<XXXXXXXXXXXXX 


NOTES: 


1. tAPE- "-pw. 
2. tAPE:Effective Read Pulse Width after Empty Flag HIGH. 


NOTES: 
1. twpF ~ Iwpw. 
2. twpF: Effective Write Pulse Width after Full Flag HIGH. 


\'-----C 
tWEF 


NOTES: 


1. ~PE 
=~pw. 
2. ~PE: Effective Read Pulse Width aller Empty Flag HIGH. 


\'-------C 
tRFF 


NOTES: 


1. !wPF = lwPw. 
2. tWPF: Effective Write Pulse Width after Full Flag HIGH. 


tWHF 
tAHF 


tAT 
-{==t 
-----=i·~/- 


R",W 


NOTES: 


1. ~TC = ~T + ~TR' 
2. FF, HF, and EF may change state during retransmit; but they will 
become valid by ~TC' 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
t ,~OOAm, 1,~ 
}--~l_}- 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


LH540203 
Device Type 


X 
Package 
-## 
sr [l~ 
A,,~, Tim.("'I 
50 
65 
80 


Blank 
28-pin, 600-mil Plastic DIp· 
(DIP28-P-600) 
'-- 
-{ D 
28-pin, 300-mil 
Plastic DIP (DIP28-W-300) 


K 
28-pin, 300-mil SOJ • (SOJ28-P-300) 
U 
32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 
'-------------- 
CMOS 2048 x B FIFO 


• This is a Preliminary 
data sheet; except that all references 
to the 


600-mil 
Plastic DIP and SOJ packages 
still have Advance 
information 
status. 


Example: 
LH540203U-25 
(CMOS 2048 x 9 FIFO, 32-pin PLCC, 25 ns) 


LH540204 


28-PIN PDIP 
TOP VIEW 
32-PIN PLCC 
() 
0 
TOP VIEW 
0 013= 
0 
0'" 
c:i 
28-PINSOJ' 
IN 
Vcc 
z 
> 


Os 
D. 
03 
Os 
O2 
D. 
O2 
D. 
0, 
07 
0, 
07 
DO 
NC 
Do 
FlIRT 
Xi 
FlIRT 
Xi 
AS 
fF 
AS 
FF 
EF 
EF 
XO/HF 
00 
00 
0, 
XO/HF 
0, 
07 
NC 
07 
O2 
O. 
O2 
O. 
03 
Os 


Os 
O. 


Vss 
R 
rS 0 
'" 
() Ia: a 0 
:t' 
Z 


540204-20 
540204-30 


Figure 
1. 
Pin Connections 
for PDIP • and SOJ • 
Figure 
2. 
Pin Connections 
for PLCC Package 
Packages 


• 
Fast Access limes: 
20/25/35/50/65/80 
ns 


• 
Fast-Fall-Through 
lime 
Architecture 
Based on 
CMOS Dual-Port SRAM Technology 


• 
Input Port and Output Port Have Entirely 
Independent 
liming 


• 
Expandable 
in Width and Depth 


• 
Full, Half-Full, and Empty Status Rags 


• 
Data Retransmission 
Capability 


• 
TIL-Compatible 
I/O 


• 
Pin and Functionally 
Compatible 
with Sharp LH5499 
and with AmlIDT/MS7204 


• 
Control Signals Assertive-LOW 
for Noise Immunity 


• 
Packages: 
28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP * 
28-Pin, 300-mil SOJ * 
32-Pin, 300-mil PLCC 


FUNCTIONAL DESCRIPTION 


The LH540204 
is a FIFO (First-In, First-Out) 
memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable 
of storing up to 4096 nine-bit words. It 
follows the industry-standard 
architecture 
and package 
pinouts for nine-bit asynchronous 
FIFOs. 
Each nine-bit 
LH540204 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing 
bit. 


The 
input 
and 
output 
ports 
operate 
entirely 
inde- 
pendently of each other, unless the LH540204 
becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting 
either of two asynchronous, 
as- 
sertive-LOW 
control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, 
and 
Empty 
status 
flags 
monitor 
the 
extent to which the internal memory has been filled. The 
system may make use of these status outputs to avoid 
the risk of data loss, which otherwise 
might occur either 
by attempting to write additional words into an already-full 
LH540204, or by attempting to read additional words from 
an already-empty 
LH540204. 
When 
an LH540204 
is 
operating in a depth-cascaded 
configuration, 
the Half-Full 
Flag is not available. 


ADVANCE 
INFORMATION 


FUNCTIONAL DESCRIPTION (cont'd) 


Data words are read out from the LH540204's 
output 
port in precisely the same order that they were written in 
at its input port; 
that is, according 
to a First-In, First Out 
(FIFO) queue discipline. 
Since the addressing 
sequence 
for a FIFO device's 
memory 
is internally predefined, 
no 
external addressing 
information 
is required for the opera- 
tion of the LH540204 
device. 


Drop-in-replacement 
compatibility 
is maintained 
with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous 
FIFOs. The only change 
is in the 
number 
of internally-stored 
data words 
implied 
by the 
states of the Full Flag and the Half-Full Flag. 


The Retransmit 
(RT) control signal causes the internal 
FIFQ-memory-array 
read-address 
pointer to be set back 
to zero, to point to the LH540204's 
first physical memory 
location, 
without 
affecting 
the internal 
FIFO-memory- 


array write-address 
pointer. Thus, the Retransmit control 
signal provides 
a mechanism 
whereby 
a block of data, 
delimited 
by the zero physical 
address 
and the current 
write-address-pointer 
value, may be read out repeatedly 
an arbitrary numberoftimes. 
The only restrictions are that 
neither the read-address 
pointer 
nor the write-address 
pointer may 'wrap around' during this entire process, Le., 
advance 
past physical 
location zero after traversing 
the 
entire 
memory. 
The 
retransmit 
facility 
is not available 


when 
an LH540204 
is operating 
in a depth-expanded 
configuration. 


The Reset (RS) control signal returns the LH540204 
to an 
initial 
state, 
empty 
and 
ready 
to be filled. 
An 
LH540204 should be reset during every system power-up 
sequence. 
A reset operation 
causes 
the internal 
FIFO- 
memory-array 
write-address 
pointer, as well as the read- 
address. pointer, to be set back to zero, to point to the 
LH540204's 
first physical memory location. Any informa- 
tion 
which 
previously 
had 
been 
stored 
within 
the 
LH540204 
is not recoverable 
after a reset operation. 


Acascading 
(depth-expansion) 
scheme may be imple- 
mented by using the Expansion 
In (Xi) input signal and 
the Expansion 
Out (XO/HF) 
output signal. This scheme 
allows a deeper 
'effective 
FIFO' to be implemented 
by 
using two or more individual 
LH540204 
devices, without 
incurring 
additional 
latency 
('fallthrough' 
or 
'bub- 
blethrough') 
delays, and without the necessity 
of storing 
and retrieving 
any given data word more than once. In 
this cascaded 
operating 
mode, 
one LH540204 
device 
must be designated 
as the 'first-load' 
or 'master' device, 
by grounding 
its First-Load 
(FURT) 
control 
input; the 
remaining LH540204 devices are designated 
as 'slaves: 
by tying their FURT inputs HIGH. Because of the need to 
share control signals on pins, the Half-Full 
Flag and the 
retransmission 
capability are not available foreither'mas- 
tel" or 'slave' LH540204 
devices 
operating 
in cascaded 
mode. 


RS---1 
RESET 
DATA 
INPUTS 


LOGIC 
Do' 
Os 


W 
R 


DUAL· PORT 
RAM 
ARRAY 


CMOS 4096 x 9 Asynchronous 
FIFO 


PIN 


Do-Os 
Oo-Os 


W 
R 
EF 
FF 


PIN TYPE * 
I 
orz 
I 
I 
o 
o 


Reset 


The LH540204 
is reset whenever the Reset input (RS) 
is taken LOW. A reset operation 
initializes both the read- 
address pointer and the wr~e-address 
pointer to point to 
location zero, the first physical memory 
location. 
During 
a reset operation, 
the state of the Xi and FURT inputs 
determines 
whether the device is in standalone 
mode or 
in depth-cascaded 
mode. (See Tables 1 and 2.) 


A reset operation 
is required whenever the LH540204 
first is powered 
up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation 
is initiated; 


but they must be HIGH, 
before the reset operation 
is 
terminated 
by a rising edge of RS, by a time tRRSS (for 
Read) or tWRSS(for Wr~e) respectively. 
(See Figure 10.) 


Write 


A wme cycle is in~iated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed 
for the data inputs (Do - Os). Wr~e opera- 
tions may occur independently 
of any ongoing 
read op- 
erations. However, a wme operation is possible only if the 
FIFO is not full, (Le., if the Full Flag FF is HIGH). 


At the falling edge of W for the first wme operation after 
the memory 
is half filled, the Half-Full 
Flag is asserted 
(HF = LOW). 
11 remains 
asserted 
until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining 
in the LH540204 
are filling 
the FIFO memory to less than or equal to one-half of ~s 
total 
capacity. 
The 
Half-Full 
Flag 
is deasserted 
(HF = HIGH) by the appropriate 
rising edge of R. (See 
Table 3.) 


The Full Rag is asserted (FF = LOW) at the falling edge 
of W for the write operation 
which fills the last available 
location 
in the FIFO memory 
array. FF = LOW inhibits 
further wr~e operations 
until FF is cleared by a valid read 
operation. The Full Flag is deasserted 
(FF = HIGH) after 
the next rising edge of R releases another memory loca- 
tion. (See Table 3.) 


PIN 
PIN TYPE * 
DESCRIPTION 


XO/HF 
0 
Expansion 
Out/Half-Full 
Flaa 


XI 
I 
Expansion 
In 


FURl' 
I 
First Load!Retransm~ 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supplv 


Vss 
V 
Ground 


Read 


A read cycle is initiated by a falling edge of the Read 
(R) control input. Read data becomes 
valid at the data 
outputs (00 - Os) after a time tA from the falling edge of 
R. After R goes 
HIGH, 
the data 
outputs 
return 
to a 
high-impedance 
state. Read operations 
may occur inde- 
pendently 
of any ongoing 
wr~e operations. 
However, 
a 
read operation 
is possible 
only if the FIFO is not empty 
(Le., if the ErJ1)ty Flag EF is HIGH). 


The L.H540204's 
internal 
read-address 
and write- 
address pointers operate in such a way that consecutive 
read operations 
always access data words in the same 
order that they were written. The ErJ1)ty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available 
data word in the FIFO memory. 
EF is 
deasserted 
(EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 


Data Flow-Through 


Read-data flow-through 
mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Rag EF momentarily 
is 
deasserted, 
and the 
data 
word 
just 
written 
becomes 
available 
at the data outputs 
(00 - Os) after a maxi- 
mum time OftWEF+IA. Add~ional wr~eoperations may occur 
while the R input remains 
LOW; but only data from the 
first write operation 
flows through 
to the data outputs. 


Additional 
data words, if any, may be accessed 
only by 
toggling 1'1- 


Write-data 
flow-through 
mode occurs when the Write 
(W) input is brought 
LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Rag momentarily 
is deasserted, 
but 
then immediately 
is reasserted 
in response 
to W being 
held LOW. A data word is written 
into the FIFO on the 
rising 
edue 
of W, which 
may 
occur 
no sooner 
than 
tRFF+ twpw after the read operation. 


OPERATIONAL DESCRIPTION (cant'd) 


Retransmit 


The FIFO can be made to reread previously-read 
data 
by means of the Retransmit function. A retransmit ~era- 
tion is initiated by pulsing the RT input LOW. Both Rand 
W must be deasserted 
(HIGH) 
for the duration 
of the 
retransmit 
pulse. 
The 
FIFO's 
internal 
read-address 
pointer is reset to point to location zero, the first physical 
memory 
location, 
while 
the 
internal 
write-address 
pointer remains unchanged. 


After a retransmit 
operation, 
those data words in the 
region in between 
the 
read-address 
pointer 
and the 
write-address 
pointer may be reaccessed by subsequent 
read operations. 
A retransmit 
operation 
may affect the 
state of the status flags FF, HF, and EF, depending 
on 
the relocation 
of the read-address 
pointer. There is no 
restriction 
on the number 
of times that a block of data 
within an LH540204 
may be read out, by repeating 
the 
retransmit operation and the subsequent 
read operations. 


The maximum 
length of a data block which 
may be 
retransmitted 
is 4096 words. Note that if the write-address 
pointer 
ever 'wraps 
around' 
(Le., passes 
location 
zero 
more than once) during a sequence 
of retransmit opera- 
tions, some data words will be lost. 


The 
Retransmit 
function 
is not available 
when 
the 
LH540204 
~~erating 
in depth-cascaded 
mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission 
control. 


Table 1. Grouping-Mode 
Detennination 
During 
a Reset Operation 


Xi 
FU 
XO/HF 
XI 
FURT 
RT 
MODE 
USAGE USAGE USAGE 


H 1 
Cascaded 
- 
- 
- 
H 
Slave 2 
XO 
XI 
FL 


H1 
Cascaded 
- 
- 
FL 
L 
Master 2 
XO 
XI 


L 
X 
Standalone 
HF 
(none) 
RT 


NOTES: 
1. A..r.esetoperationforcesXOHIGHforthenth FIFO.thusforcing 
XI HIGHforthe n+1stFIFO. 


2. Theterms'master'and'slave'referto operationindepth-cas- 
cadedgroupingmode. 
3. H - HIGH;L _ LOW;X = Don'tCare. 


Table 2. Expansion-Pin 
Usage According 
to 
Grouping 
Mode 


I/O 
PIN 
STANDALONECASCADED CASCADED 
MASTER 
SLAVE 


FromXO 
FromXO 
I 
Xi 
Grounded 
(n-1st 
(n-1st 
FIFO) 
FIFO) 


Becomes 
To XI 
To XI 
0 
XO/HF 
HF 
(n+1st 
(n+1st 
FIFO) 
FIFO) 


Becomes 
Grounded 
Logic 
I 
FURT 
RT 
(Logic 
HIGH 
LOW) 


NUMBEROFUNREADDATA 
wonDS PRESENTWITHIN 
FF 
- 
- 
HF 
EF 
4096 x9 FIFO 


0 
H 
H 
L 


1 to 2048 
H 
H 
H 


2049 to 4095 
H 
L 
H 


4096 
L 
L 
H 


CMOS 4096 x 9 Asynchronous 
FIFO 


OPERATIONAL MODES 


Standalone Configuration 


When 
depth 
cascading 
is not required 
for a given 
application, 
the LH540204 
is placedin 
standalone 
mode 
by tying 
the Expansion 
In input 
(XI) to ground. 
This 
input is internally sampled during a reset operation. (See 
Table 1.) 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple 
LH540204 
devices 
in parallel. 
Each 
LH540204 
should 
be configured 
for standalone 
mode. 
In this ar- 
rangement, 
the behavior of the status flags is identical for 
all devices; 
so, in principle, 
a representative 
value for 
each 01 these flags could be derived fro m anyone 
device. 
In practice, 
it is better to derive 'composite' 
flag values 
using E!xternal logic, since there 
may be minor speed 
variations between different actual devices. (See Figures 
4,5, 
and 6.) 


HF 


W 
R 
WRITE 
READ 


DATA IN 
9 
9, 
• 
DATA OUT 
Do - Os 
> 
°0, Os 


LH540204 
FF 
EF 
EMPTY FLAG 
FULL FLAG 
. 


RS 
RT 
RETRANSMIT 
RESET 


18 
t 
Hi' 
t 
HF 


9, 
9 


Vi 
Vi 
EF 
EMPTY FLAG 
WRITE 
--- 
FF 
A 
LH54~204 
R 
ULLFLAG 
LH540204 
--- 
READ 
- 
- 
RS 
RS 
RESET 
--- 
- 
RT 
RT 
-- -- 
RETRANSMIT 
9 
9 
, 
, 


~XI 
-l:-XI 
18 
- 
- 


CMOS 4096 x 9 Asynchronous 
FIFO 


xo 


w 
R 


DATA IN 
9 
9 
9 
9 
DATA OUT 
Do - D. 
FF 
LH540204 
EF 
00-0. 


RS 


9 
9 


FULL 
FF 
LH540204 
EF 
EMPTY 


OPERATIONAL MODES (cont'd) 


Depth cascading 


Depth cascading 
is implemented 
by configuring 
the 
required numberofLH540204s 
in depth-cascaded 
mode. 
In this arrangement, 
the FIFOs are connected in a circular 
fas~ion, .with the Expansion 
Out outpu!jXO) 
of each 
device 
tied to the Expansion 
In input (XI) of the next 
device. One FIFO in the cascade 
must be designated 
as 


the 'first-load' device, by tying its First Load ~~URT) 
t? ground. All other devices mus!..bave their FURT inputs 
tied HIGH. In this mode, Wand 
R signals are shared by 
all devices, while logic within each LH540204 controls the 
steering 
of data. Only one LH540204 
is enabled during 
any given write cycle; thus, the common Data In inputs of 


all 
devices 
are 
tied 
together. 
Likewise, 
only 
one 
LH540204 
is enabled during any given read cycle; thus, 


the common 
Data Out outputs 
of all devices 
are wire- 


ORed together. 


In depth-cascaded 
mode, 
external 
logic should 
be 
used to generate a composite 
Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540204 
devices 
together 
and 
ANDing 
the 
EF outputs 
of all 
devices 
together. 
Since FF and EF are assertive-LOW 
signals, this 'ANDing' 
actually 
is implemented 
using an 
assertive-HIGH 
physical OR gate. The Half-Full Flag and 
the 
Retransmit 
function 
are 
not available 
in depth- 
cascaded 
mode. 


OPERATIONAL MODES (cont'd) 


Compound FIFO Expansion 


A combination 
of word-width 
expansion 
and depth 
cascading 
may 
be 
implemented 
easily 
by operating 
groups of depth-cascaded 
FIFOs in parallel. 


Bidirectional 
FIFO Operation 


Bidirectional 
data buffering between two systems may 
be implemented 
by operating 
LH540204 
devices in par- 
allel, but in opposite directions. The Data In inputs of each 


LH540~'04 are tied to the corresponding 
Data Out outputs 
of another LH540204, 
which is operating 
in the opposite 
directio 
,to form a single bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read, write, 
and f1a~1signals are routed to each system. 
Both word- 
width expansion 
and depth cascading 
may be used in 
bidirectional 
applications. 


LH540204 
DEPTH EXPANSION 
BLOCK 


LH540204 
DEPTH EXPANSION 
~ 
BLOCK 


LH540204 
DEPTH EXPANSION 
BLOCK 


Figure 8. Bidirectional FIFO Operation 
(4096 x9 x2) 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
V to 7 V 


Signal Pin Voltage to Vss Potential 2 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 3 
±SOmA 


Storage Temperature 
Range 
-65°C 
to 1SOoC 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause pennanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the 'Operating 
Range' of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. 
Negative undershoots of 1.5 V in amplitude are pennitted for up to IOns once per cycle. 


3. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTES: 
1. 
Negative undershoots of 1.5 V in amplitude are pennitted for up to IOns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
JlA 


ILO 
Output Leakage Current 
R ~ VIH, 0 V 5, VOUT5,Vcc 
-10 
10 
JlA 


VOH 
Output HIGH Voltage 
IOH= -2.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average Supply Current 1 
Measured at f = 40 MHz 
110 
mA 


ICC2 
Average 
Standby Current 1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 1 
All Inputs = Vcc - 0.2V 
8 
mA 


NOTES: 


1. 
Ice. Icc2, and Icc. are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


PARAMETER 
RAllNG 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output 
Reference 
Levels 
1.5 V 


Output Load, Timing Tests 
Figure 9 


DEVICE 
UNDER 
TEST 


PARAMETER 
RAllNG 


CIN MAX (Input Capacitance) 
5 pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances are maximum values at2SoC. measured at1.0MHz, 
with VIN = 0 V. 


SYMBOL 
PARAMETER 
I IA = 20 ns 
IA = 25 ns 
IA = 35 ns 
I 
IA = 50 ns 
I IA = 65 ns 
IA = 80 ns 
I UNIT 
u•••I UAY 
U, •• I "AV 
""" 
I "AV 
I """ 
--..-AV~AYI"" 
••AVl 


READ 
CYCLE 
nMING 


IRC 
Read Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


IA 
Access 
lime 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


IRR 
Read Recovery 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


IRPW 
Read Pulse Width 2 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
- 
80 
- 
ns 


tRI7 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


tWI7 
Data Bus Active from Write HIGH 3,4 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Held Valid from Read Pulse 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
ns 
HIGH 


tR"7 
Data Bus Hiah-Z 
from Read HIGH 3 
- 
15 
- 
15 
- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


twPW 
Write Pulse Width 2 
20 
- 
25 
- 
a5 
- 
50 
- 
65 
- 
80 
- 
ns 


tWR 
Write Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setuo lime 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold lime 
0 
- 
0 
- 
0 
- 
0 
- 
5 
- 
5 
- 
ns 


RESETnMING 


tRSC 
Reset Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tR<:: 
Reset Pulse Width 
2 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
80 
- 
ns 


tWRSS 
Write HIGH to RS HIGH 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
80 
- 
ns 


RETRANSMIT 
TIMING 
5 


tRTf' 
Retransmit 
Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRT 
Retransmit 
Pulse Width 
2 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


tFFL 
Reset LOW to Emotv 
Flaa LOW 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset HIGH to Half-Full 
and Full 
- 
30 
- 
35 
- 
45 
65 
80 
100 
Flaas HIGH 
- 
- 
- 
ns 


tRFF 
Read LOW to Emotv 
Flaa LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRFF 
Read HIGH to Full Flaa HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Errotv 
Flaa HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to Full Flaa LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tw". 
Write LOW to Half-Full 
Flaa LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRHF 
Read HIGH 10 Half-Full 
Flaa HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


EXPANSION 
TIMING 


IXOL 
Exoansion 
Out LOW 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


lYn" 
Exoansion 
Out HIGH 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 
lY, 
Exoansion 
In Pulse Width 
20 
- 
25 
- 
<15 
- 
50 
- 
65 
- 
80 
- 
ns 


lY'R 
Exoansion 
In Recoverv 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
in Setup lime 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
1. 
All timing measurements are performed at 'AC Test Condition' levels. 
2. 
Pulse widths less than minimum value are not allowed. 
3. 
Values are guaranteed by design; not currently tested. 
4. 
Only applies to read-data flow-through mode. 
5. 
See also Note 2, Figure 19. 


FF,HF 


NOTES: 


1. ~se 
- IRS + ~SR' 
2. Viand R ~ V1H around the rising edge of RS. 


IFFH 
IHFH 
!Ifl1JflT~l/lflm!IIff~----- 


we 


Iwpw 
IWR 
I 


los 
IOH 


VALID DATA IN 
-( 
VALID DATA IN 
)- 


tAFF 


tWFF 


LAST READ 
FIRST WRITE 


\ 
I 
tREF 
tWEF 


Do - OS XXXXXXXXX 
VALID 
DATA 
IN XXXXXXXXXXXXXXXXXXXXX 


NOTES: 
1. tRPE= ~pw. 
2. tRPE:Effective Read Pulse Width aller Empty Flag HIGH. 


NOTES: 
1. twpF -lwpw. 
2. twpF: Effective Write Pulse Width aile, Full Flag HIGH. 


NOTES: 


1. ~PE -~pw. 
2. ~PE: 
Effective Read Pulse Width after Empty Flag HIGH. 


\'-----[ 


NOTES: 


1. lwPF = lwPw. 
2. lwPF: Effective Write Pulse Width after Full Flag HIGH. 


tWHF 
tAHF 


tAT 
-{==t 
-----'==i"_I- 
R'w 


NOTES: 


1. 'ATC - 'AT + 'Am· 
2. FF, HF, and EF may change state during retransmit; but they will 
become valid by 'ATC. 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
t 
,~OOA'ON f,~ 


)--t~~}- 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 


VALID 
LOCATION 


LH540204 
Device Type 


X 
Package 


-## 


speL1",~'oe,,,, 11m,(0<1 


50 
65 
80 


Blank 
28-pin, 600-mil 
Plastic DIp· 
(DIP28-P-600) 
'-- 
~ 
D 
28-pin, 300-mil 
Plastic DIP (DIP28-W-300) 


K 
28-pin, 300-mil SOJ • (SOJ28-P-300) 
U 
32-pin Plastic Leaded Chip Carrier (PLCC32-P-R450) 
L..-- 
CMOS 4096 x 9 FIFO 


• This is an Advance 
information 
data sheet; except that all references 
to the 
600-mil 
Plastic DIP and SOJ packages 
still have Product Preview status. 


Example: 
LH540204U-25 
(CMOS 4096 x 9 FIFO, 32-pin PLCC, 25 ns) 


LH540205 


• 
Fast Access Times: 
20/25/35/50/65/80 
ns 


• 
Fast-Fall-Through 
Time Architecture 
Based on 
CMOS Dual-Port SRAM Technology 


• 
Input Port and Output Port Have Entirely 
Independent 
Timing 


• 
Expandable 
in Width and Depth 


• 
Full, Half-Full, and Empty Status Rags 


• 
Data Retransmission 
Capability 


• 
TTL-Compatible 
I/O 


• 
Pin and Functionally 
Compatible 
with ArnlIDT7205 


• 
Pin and Functionally 
Compatible, 
Except for Depth, 
With Smaller Industry-Standard 
x9 FIFOs, Such as 
IDT7201 Series, and Sharp LH5496 and LH540201 
Series 


• 
Control Signals Assertive-LOW 
for Noise Immunity 


• 
Packages: 


28-Pin, 300-mil PDIP 
28-Pin, 600-mil PDIP • 


FUNCTIONAL DESCRIPTION 


The LH540205 
is a FIFO (First-In, First-Out) 
memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable 
of storing up to 8192 nine-bit words. 
It 
follows the industry-standard 
architecture 
and package 
pinouts for nine-bit 
asynchronous 
FIFOs. Each nine-bit 
LH540205 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing 
bit. 


The 
input 
and 
output 
ports 
operate 
entirely 
inde- 


pendently of each other, unless the LH540205 
becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting 
either of two asynchronous, 
as- 
sertive-LOW 
control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, 
and 
Empty 
status 
flags 
monitor 
the 
extent to which the internal memory has been filled. The 
system 
may make use of these status outputs to avoid 
the risk of data loss, which otherwise 
might occur either 
by attempting to write additional words into an already-full 
LH540205, or by attempting to read additional words from 
an already-empty 
LH540205. 
When 
an LH540205 
is 


operating in a depth-cascaded 
conf'9uration, 
the Half-Full 
Flag is not available. 


Data words are read out from the LH540205's 
output 
port in precisely the same order that they were written in 
at its input port; 
that is, according 
to a First-In, First Out 
(FIFO) queue discipline. Since the addressing 
sequence 
for a FIFO device's 
memory 
is internally 
predefined, 
no 
external addressing information 
is required for the opera- 
tion of the LH540205 
device. 


Drop-in-replacement 
compatibility 
is maintained 
with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous 
FIFOs. The only change 
is in the 
number 
of internally-stored 
data words 
implied 
by the 
states of the Full Flag and the Half-Full Rag. 


The Retransmit (RT) control signal causes the internal 
FIF0-memory-array 
read-address 
pointer to be set back 
to zero, t<)point to the LH540205's 
first physical memory 
location, 
without 
affecting 
the internal 
FIFO-memory- 
array write-address 
pointer. Thus, the Retransmit control 
signal provides 
a mechanism 
whereby 
a block of data, 


delimited 
by the zero physical 
address 
and the current 
write-address-pointer 
value, may be read out repeatedly 
an arbitrary number oftimes. 
The only restrictions are that 
neither the read-address 
pointer 
nor the write-address 


PIN CONNECTIONS 


28-PIN POIP 
TOP VIEW 
VIi 
Vcc 


O. 
O. 


03 
05 


O2 
O. 


0, 
07 
00 
FLiRT 


Xi 
AS 


FF 
EF 
00 
XOIHF 
a, 
07 
O2 
o. 
03 
as 
o. 
a. 


Vss 
R 


540205-20 


Figure 
1. 
Pin Connections 
for PDIP Package 


FUNCTIONAL DESCRIPTION (cont'd) 


pointer may 'wrap around' during this entire process, i.e., 
advance 
past physical 
location zero after traversing 
the 
entire 
memory. 
The 
retransmit 
facility 
is not available 
when 
an LHS4020S 
is operating 
in a depth-expanded 
configuration. 


The Reset (RS) control signal retums the LH54020S 
to an 
initial 
state, 
empty 
and 
ready 
to be filled. 
An 
LH54020S should be reset during every system power-up 
sequence. 
A reset operation 
causes the intemal 
FIFO- 
memory-array 
write-address 
pointer, as well as the read- 
address 
pointer, to be set back to zero, to point to the 
LH54020S's first physical memory location. Any informa- 
tion 
which 
previously 
had 
been 
stored 
within 
the 
LH54020S is not recoverable 
after a reset operation. 


RS 
J__ 
R_E_S_ET_ 
~ 
LOGIC 


Acasc:ading (depth-expansion) 
scheme maybe imple- 


mented by using the Expansion 
In (Xi) input signal and 
the Expansion 
Out (XO/HF) output signal. This scheme 
allows a deeper 
'effective 
FIFO' to be implemented 
by 
using two or more individual LH54020S devices, without 
incurring 
additional 
latency 
('fallthrough' 
or 
'bub- 


blethrou~lh') delays, and without the necessity of storing 
and retrieving 
any given data word more than once. In 
this cascaded 
operating 
mode, one LH54020S 
device 
must be designated 
as the 'first-load' or 'master' device, 
by grounding 
its First-Load 
(FURT) 
control 
input; the 
remaining LH54020S devices are designated 
as 'slaves,' 


by tying their FURT inputs HIGH. Because of the need to 
share control signals on pins, the Half-Full 
Flag and the 
retransmission 
capability are not available for either 'mas- 
ter' or 'slave' LH54020S devices operating 
in cascaded 
mode. 


DATA INPUTS 
00- 
Os 


DUAL-PORT 
RAM 
ARRAY 


DATA OUTPUTS 
oo-os 


CMOS 8192 x 9 Asynchronous 
FIFO 


PIN 


Do-Os 
Co-Os 


W 
R 
EF 
FF 


PINTYPE* 
I 
orz 
I 
I 
o 
o 


OPERATIONAL DESCRIPTION 


Reset 


The LH54020S is reset whenever the Reset input (RS) 
is taken LOW. A reset operation 
initializes both the read- 
address pointer and the write-address 
pointer to point to 
location zero, the first physical 
memory 
location. During 
a reset operation, 
the state of the Xi and FURT inputs 
determines 
whether the device is in standalone 
mode or 
in depth-cascaded 
mode. (See Tables 1 and 2.) 


A reset operation 
is required whenever the LH54020S 
first is powered 
up. The Read (R) and Write (W) inputs 
may be in any state when the reset operation 
is initiated; 
but they must be HIGH, 
befor~...!he reset operation 
is 
terminated 
by a rising edge of RS, by a time tRRSS (for 
Read) or tWRSS(for Write) respectively. 
(See Figure 9.) 


Write 


A write cycle is initiated by a falling edge of the Write 
(W) control input. Data setup times and hold times must 
be observed 
for the data inputs (Do - Os). Write opera- 
tions may occur independently 
of any ongoing 
read op- 
erations. However, a write operation is possible only if the 
FIFO is not full, (Le., if the Full Flag FF is HIGH). 


At the falling edge of W for the first write operation after 
the memory 
is half filled, the Half-Full 
Flag is asserted 
(HF = LOW). 
It remains 
asserted 
until the difference 
between the write pointer and the read pointer indicates 
that the data words remaining in the LH54020S are filling 
the FIFO memory to less than or equal to one-half of its 
total 
capacity. 
The 
Half-Full 
Flag 
is 
deasserted 
(HF = HIGH) by the appropriate 
rising edge of R. (See 
Table 3.) 


The Full Rag is asserted (FF = LOW) at the falling edge 
of W for the write operation 
which fills the last available 
location 
in the FIFO memory 
array. FF = LOW inhibits 
further write operations 
until FF is cleared by a valid read 
operation. The Full Flag is deasserted 
(FF = HIGH) after 
the next rising edge ofR 
releases another memory loca- 
tion. (See Table 3.) 


PIN 
PINTYPE* 
DESCRIPTION 


XOtHF 
0 
Expansion 
Out/Half-Full 
Flaa 


XI 
I 
Expansion 
In 


FURr 
I 
First Load/Retransmit 


RS 
I 
Reset 


Vcc 
V 
Positive Power Supplv 


Vss 
V 
Ground 


Read 


A read cycle is initiated by a falling edge of the Read 
(R) control 
input. Read data becomes 
valid at the data 
outputs (Co - as) after a time tA from the falling edge of 
R. After 
R goes 
HIGH, 
the 
data 
outputs 
return 
to a 
high-impedance 
state. Read operations 
may occur inde- 
pendently 
of any ongoing 
write operations. 
However, 
a 
read operation 
is possible only if the FIFO is not empty 
(Le., if the Empty Flag EF is HIGH). 


The LHS4020S's 
internal 
read-address 
and write- 
address pointers operate in such a way that consecutive 
read operations 
always access data words in the same 
order that they were written. The Empty Flag is asserted 
(EF = LOW) after that falling edge of R which accesses 
the last available 
data word in the FIFO memory. 
EF is 
deasserted 
(EF = HIGH) after the next rising edge of W 
loads another valid data word. (See Table 3.) 


Data Flow-Through 


Read-data flow-through 
mode occurs when the Read 
(R) control input is brought LOW while the FIFO is empty, 
and is held LOW in anticipation of a write cycle. At the end 
of the next write cycle, the Empty Rag EF momentarily 
is 
deassert13d, and the data 
word 
just 
written 
becomes 
available 
at the data outputs 
(00 - as) after a maxi- 
mum time oftwEF +IA.Additional write operations may occur 
while the R input remains 
LOW; but only data from the 
first write operation 
flows through 
to the data outputs. 


Additional 
data words, if any, may be accessed 
only by 
toggling R. 


Write-data 
flow-through 
mode occurs when the Write 
(W) input is brought 
LOW while the FIFO is full, and is 
held LOW in anticipation of a read cycle. At the end of the 
read cycle, the Full Flag momentarily 
is deasserted, 
but 
then immooiately 
is reasserted 
in response 
to W being 
held LOW. A data word is written 
into the FIFO on the 
rising 
edge 
of W, which 
may 
occur 
no sooner 
than 
tRFF+ twpw after the read operation. 


OPERATIONAL DESCRIPTION (cont'd) 


Retransmit 


The FIFO can be made to reread previously-read 
data 
by means of the Retransmit function. A retransmit ~era- 
tion is inttiated by pulsing the RT input LOW. Both Rand 
W must be deasserted 
(HIGH) 
for the duration 
of the 
retransmit 
pulse. 
The 
FIFO's 
internal 
read-address 
pointer is reset to point to location zero, the first physical 
memory 
location, 
while 
the 
internal 
write-address 
pointer remains unchanged. 


After a retransmit 
operation, 
those data words in the 
region in between 
the read-address 
pointer 
and the 
write-address 
pointer may be reaccessed by subsequent 
read operations. 
A retransmtt 
operation 
may affect the 
state of the status flags FF, HF, and EF, depending 
on 
the relocation 
of the read-address 
pointer. There is no 
restriction 
on the nurrber 
of times that a block of data 
wtthin an LH540205 
may be read out, by repeating 
the 
retransmit operation and the subsequent 
read operations. 


The maximum 
length of a data block which may be 
retransmitted 
is 8192 words. Note that if the write-address 
pointer 
ever 'wraps 
around' 
(i.e., passes 
location 
zero 
more than once) during a sequence 
of retransmit opera- 
tions, some data words will be lost. 


The 
Retransmit 
function 
is not available 
when 
the 
LH540205 
~~rating 
in depth-cascaded 
mode, 
because the FURT control pin must be used for first-load 
selection rather than for retransmission 
control. 


Table 1. Grouping-Mode 
Detennination 
During 
a Reset Operation 


- 
FU 
XOIHF 
XI 
FURT 
XI 
RT 
MODE 
USAGE 
USAGE 
USAGE 


H 1 
Cascaded 
- 
- 
FL 
H 
Slave 2 
XO 
XI 


H 1 
Cascaded 
- 
Xi 
FL 
L 
Master 2 
XO 


L 
X 
Standalone 
HF 
(none) 
RT 


NOTES: 
1. ~eset 
operation forces XO HIGH for the nth FIFO. thus forcing 
XI HIGH for the n+1st FIFO. 
2. The terms 'master' and 'slave' refer to operation in depth-cas- 
caded grouping mode. 
3. H ~ HIGH; L = LOW; X = Don't Care. 


Table 2. Expansion-Pin 
Usage According 
to 
Grouping 
Mode 


VO 
PIN 
STANDALONE 
CASCADED 
CASCADED 
MASTER 
SLAVE 


From 
From 


I 
Xi 
Grounded 
XO 
XO 
(n-1st 
(n-1 st 
FIFO) 
FIFO) 


Becomes 
To Xi 
To Xi 
0 
XOtHF 
HF 
(n+1st 
(n+1st 
FIFO) 
FIFO) 


Becomes 
Grounded 
Logic 
I 
l:URT 
RT 
(Logic 
HIGH 
LOW) 


NUMBER OF UNREAD DATA 
WORI)S PRESENT WITHIN 
FF 
HF 
EF 
8192 x9 FIFO 


0 
H 
H 
L 


1to 4096 
H 
H 
H 


4097 to 8191 
H 
L 
H 


8192 
L 
L 
H 


CMOS 8192 x 9 Asynchronous 
FIFO 


OPERATIONAL MODES 


Standalone 
Configuration 


When 
depth 
cascading 
is not required 
for a given 
application, 
the LH540205 
is placedin standalone 
mode 
by tying 
the Expansion 
In input 
(XI) to ground. 
This 
input is internally sampled during a reset operation. (See 
Table 1.) 


Width Expansion 


Word-width 
expansion 
is implemented 
by placing mul- 
tiple 
LH540205 
devices 
in parallel. 
Each 
LH540205 
should 
be configured 
for standalone 
mode. 
In this ar- 
rangement, the behavior of the status flags is identical for 
all devices; 
so, in principle, 
a representative 
value for 
each of these flags could be derived from anyone 
device. 
In practice, 
it is better to derive 'composite' 
flag values 
using external 
logic, since 
there 
may be minor speed 
variations between different actual devices. (See Figures 
3 and 4.) 


HF 


Vi 
R 
WRITE 
READ 


DATA IN 
9 
9, 
DATA OUT 
00- 
D. 
> 
00-0. 


LH540205 
FF 
EF 
EMPTY FLAG 
FULL FLAG 
. 


RS 
RT 
RETRANSMIT 
RESET 


XI 
-- 
54020&-17 


Figure 3. Standalone 
FIFO (8192 x 9) 


18, 
t 
HF 
I HF 


9 
9, 


Vi 
Vi 
EF 
WRITE 
--- 
EMPTY FLAG 
FF 
R 
LH540205 
R 
ULL FLAG 
LH540205 
--- 
READ 
- 
RS 
RS 
RESET 
---- 
RT 
-RT 
---- 
RETRANSMIT 
9 
9 
, 
1.><1 
J=-XI 
18 
- 
- 


DATA IN 
Do - 017 


CMOS 8192 x 9 Asynchronous 
FIFO 


OPERATIONAL MODES (cont'd) 


Depth cascading 


Depth cascading 
is implemented 
by configuring 
the 
required nu mber of LH540205s 
in depth-cascaded 
mode. 
In this arrangement, 
the FIFOs are connected in a circular 
~as~ion, .with the Expansion 
Out outpu!JXO) 
of each 
aevlce 
lied to the Expansion 
In input (XI) of the next 
device. One FIFO in the cascade 
must be designated 
as 
the 'first-load' device, by tying its First Load ~~URT) 
to ground. All other devices must have their FURT inputs 
lied HIGH. In this mode, Wand R signals are shared by 
all devices, while logic within each LH540205 controls the 
steering 
of data. Only one LH540205 
is enabled during 
any given write cycle; thus, the common Data In inputs of 


all 
devices 
are 
tied 
together. 
Likewise, 
only 
one 
LH540205 
is enabled during any given read cycle; thus, 


the common 
Data Out outputs 
of all devices 
are wire- 
ORed together 


In dnpth-cascaded 
mode, 
external 
logic should 
be 
used to generate a composite 
Full Flag and a composite 
Empty Flag, by ANDing the FF outputs of all LH540205 
devices 
together 
and 
ANDing 
the 
EF outputs 
of all 
devices 
together. 
Since FF and EF are assertive-LOW 
signals, 
this 'ANDing' 
actually 
is implemented 
using an 
assertive-HIGH 
physical OR gate. The Half-Full Flag and 
the 
Retransmit 
function 
are 
not available 
in depth- 
cascadEld mode. 


xo 


w 
R 


DATA IN 
9 
9 
9 
9 
DATA OUT 
Do - D. 
FF 
LH540205 
IT 
00-0. 


OPERATIONAL MODES (cont'd) 


Compound FIFO Expansion 


A combination 
of word-width 
expansion 
and depth 
cascading 
may 
be 
implemented 
easily 
by operating 
groups of depth-cascaded 
FIFOs in parallel. 


Bidirectional 
FIFO Operation 


Bidirectional 
data buffering between two systems may 
be implemented 
by operating 
LH540205 
devices in par- 
allel, but in opposite directions. The Data In inputs of each 
LH540205 are tied to the corresponding 
Data Out outputs 


of another LH540205, 
which is operating 
in the opposite 
direction, to form asingle bidirectional 
bus interface. Care 
must be taken to assure that the appropriate 
read, write, 


and flag signals are routed to each system. 
Both word- 
width expansion 
and depth cascading 
may be used in 
bidirecHonal applications. 


LH540205 
DEPTH EXPANSION 
BLOCK 


LH540205 
DEPTH EXPANSION 
~ 
BLOCK 


LH540205 
DEPTH EXPANSION 
BLOCK 


Wa 


FFa 
_EFb 


LH540205 
-HFb 


RS 
---RTb 


D3o.8 
ObO•8 


Xi 


SYSTEM A 
SYSTEM B 


030.8 
Dbo·8 


Ra 
Wb 


EFa 
LH540205 
-FFb 


HFa 


RTa 
---RS 


XI 
-- 
540205-21 


Figure 7. Bidirectional FIFO Operation 
(8192 x 9 x 2) 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5 
V t07 
V 


Signal Pin Voltage to Vss Potential 2 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


DC Output Current 3 
±SOmA 


Storage Temperature 
Range 
-65°C 
to 1SOoC 


Power Dissipation 
(Package 
Limit) 
1.0W 


DC Voltage Applied to Outputs In High-Z State 
-0.5 
V to Vcc + 0.5 V (not to exceed 7 V) 


NOTES: 
1. 
Stresses greater than those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. This is a stress rating for 
transient conditions only. Functional operation of the device at these or any other conditions outside of those indicated in the 'Operating 
Range' of this specification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect reliability. 


2. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


3. 
Outputs should not be shorted for more than 30 seconds. No more than one output should be shorted at any time. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature, 
Ambient 
0 
70 
°C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Voltage 1 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.0 
Vcc + 0.5 
V 


NOTES: 
1. 
Negative undershoots of 1.5 V in amplitude are permitted for up to 10 ns once per cycle. 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage Current 
Vcc = 5.5 V, VIN = 0 V to Vcc 
-10 
10 
J.1A 


ILO 
Output Leakage Current 
R ~ V,H, 0 V :0:; VOUT:O:;Vcc 
-10 
10 
J.1A 


VOH 
Output HIGH Voltage 
IOH= -2.0 
mA 
2.4 
V 


VOL 
Output LOW Voltage 
IOL= 8.0 mA 
0.4 
V 


Icc 
Average 
Supply Current 
1 
Measured at f = 40 MHz 
110 
mA 


ICC2 
Average Standby 
Current 1 
All Inputs = VIH 
15 
mA 


ICC3 
Power Down Current 1 
All Inputs = Vcc - 0.2V 
8 
mA 


NOTES: 
1. 
Ice, ICC2, and ICC3 are dependent upon actual output loading and cycle rates. Specified values are with outputs open. 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
5 ns 


Input Timing Reference 
Levels 
1.5 V 


Output 
Reference 
Levels 
1.5 V 


Output Load. Timing Tests 
Figure 8 


1.lkOHMS 


DEVICE 
UNDER 
TEST 
680 OHMS 


PARAMETER 
RATING 


CIN MAX (Input Capacitance) 
5 pF 


Co MAX (Output Capacitance) 
7 pF 


NOTES: 
1. 
Sample tested only. 


2. 
Capacitances are maximum values at 2SoC, measured at 1.0MHz, with V,N = 0 V. 


SYMBOL 
PARAMETER 
tA = 20 n8 
tA = 25 ns I til = 35 n8 
tA = 50 n8 
tA = 65 ns 
tA = 80 ns I UNIT 
I UIN 
I UAY 
UIN 
I 
I UAY I UIN 
UAY I UIN 
I UAY 
UIN fU"Yl 


READ 
CYCLE 
TIMING 


tRC 
Read Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tA 
Access 
lime 
- 
20 
- 
25 
.- 
35 
- 
50 
- 
65 
- 
80 
ns 


tRR 
Read Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRPW 
Read Pu Ise Width 2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRLZ 
Data Bus Active from Read LOW 3 
5 
- 
5 
- 
5 
- 
5 
- 
5 
- 
10 
- 
ns 


twLZ 
Data Bus Active from Write HIGH 3,' 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
20 
- 
ns 


tov 
Data Held Valid from 
Read Pulse 
5 
5 
S 
5 
5 
5 
HIGH 
- 
- 
- 
- 
- 
- 
ns 


tRHZ 
Data Bus HiQh-Z from Read HIGH 3 
- 
15 
- 
15 
-- 
15 
- 
20 
- 
30 
- 
30 
ns 


WRITE 
CYCLE 
TIMING 


twc 
Write Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


twPW 
Write Pulse Width 2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tWR 
Write Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tos 
Data Setuo lime 
10 
- 
10 
- 
15 
- 
20 
- 
20 
- 
20 
- 
ns 


tOH 
Data Hold lime 
0 
- 
0 
- 
() 
- 
0 
- 
5 
- 
5 
- 
ns 


RESET 
TIMING 


tRSC 
Reset Cvcle lime 
30 
- 
35 
- - 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRS 
Reset Pulse Width 
2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRSR 
Reset Recovery 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


tRRSS 
Read HIGH to RS HIGH 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


twRsS 
Write HIGH to RS HIGH 
20 
- 
25 
- 
35 
- 
50 
- 
65 
80 
- 
ns 


RETRANSMIT 
TIMING 
5 


tRTC 
Retransmit 
Cvcle lime 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
- 
ns 


tRT 
Retransmit 
Pulse Width 
2 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tRTR 
Retransmit 
Recoverv 
lime 
10 
- 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
ns 


FLAG 
TIMING 


tEFL 
Reset LOW to Emotv 
Flao LOW 
- 
30 
- 
35 
- 
45 
- 
65 
- 
80 
- 
100 
ns 


tHFH,FFH 
Reset HIGH to Half-FuJi and FuJI 
30 
35 
45 
65 
80 
Flaas HIGH 
- 
- 
- 
- 
- 
- 
100 
ns 


tREF 
Read LOW to Emotv 
Flaa LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRFF 
Read HIGH to FuJI Flaa HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWEF 
Write HIGH to Emotv 
Flaa HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tWFF 
Write LOW to FuJI Flaa LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


twHF 
Write LOW to Half-FuJi Flag LOW 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


tRHF 
Read HIGH to Half-FuJi Flag HIGH 
- 
20 
- 
25 
- 
35 
- 
45 
- 
60 
- 
60 
ns 


EXPANSION 
TIMING 


tXOL 
Exoansion 
Out LOW 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXOH 
Expansion 
Out HIGH 
- 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
ns 


tXI 
Expansion 
In Pulse Width 
20 
- 
25 
- 
35 
- 
50 
- 
65 
- 
80 
- 
ns 


tXIR 
Expansion 
In Recovery 
lime 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
10 
- 
ns 


tXIS 
Expansion 
in Setup lime 
10 
- 
10 
- 
15 
- 
15 
- 
15 
- 
15 
- 
ns 


NOTES: 
I, 
All timing measurements are performed at 'AC Test Condition'levels. 


2. 
Pulse widths less than minimum value are not allowed. 


3. 
Values are guaranteed by design; not currently tested. 


4. 
Only applies to read-data flow·through mode. 


5. 
See also NOIe 2, Figure 18. 


IFFH 
IHFH 
!IJ!/1JIT;;m~ZIj 
//II/IJRRi----- 


NOTES: 


1. ~se ~ IRS + ~SA' 
2. Viand R" V'H around the rising edge of RS. 


we 


Iwpw 
lWA 
I 


los 
IOH 


VALID DATA IN 
/ 
VALID DATA IN 


IRFF 


IWFF 


LAST READ 
FIRST WRITE 


~ 


IREF 
lWEF 


Do - 08 
XXXXXXXXX 
VALID DATA IN XXXXXXXXXXXXXXXXXXXXX 


NOTES: 
1. tAPE- ~pw. 
2. tAPE:Effective Read Pulse Width after Empty Flag HIGH. 


)----- 


NOTES: 
1. twpF = lwpw. 
2. twpF: 
Effective Write Pulse Width after Full Flag HIGH. 


\ 
C 
-------... 
t 


WEF 


NOTES: 
1. ~PE 
=~pw. 


2. ~PE: Effective Read Pulse Width after Empty Flag HIGH. 


NOTES: 


1. !wPF = lwPw. 
2. !wPF: Effective Write Pulse Width after Full Flag HIGH. 


tWHF 
tRHF 


tRT{==t 
-----'==i-/----- 


R,W 


NOTES: 


1. ~TC = ~T 
+ ~TR' 


2. FF, HF, and EF may change state during retransmit; but they will 
become valid by ~TC' 


WRITE TO LAST 
AVAILABLE 
LOCATION 


READ FROM 
LAST VALID 
>-1 ,~OOATION f '~ 
)-~t'------J}- 


WRITE TO FIRST 
AVAILABLE 
LOCATION 


READ FROM FIRST 
VALID 
LOCATION 


LH540205 
Device Type 


X 
Package 
-## 


s 


p 


eL1,., 
~! 
Ace'''' Tim, ("'I 
50 
65 
80 


L-- 
~ 
Blank 
28-pin, 600-mil Plastic DIP * (DIP28-P-600) 
D 
28-pin, 300-mil 
Plastic DIP (DIP28-W-300) 


L-- 
CMOS 8192 x 9 FIFO 


* This is an Advance 
information 
data sheet; except that all references 
to the 
600-mil 
Plastic DIP package still have Product Preview status. 


Example: 
LH540205-25 
(CMOS 8192 x 9 FIFO, 28-pin, 600-mil 
DIP, 25 ns) 


LH540206 


• 
Fast Access Times: 
20/25/35/50/65/80 
ns 


• 
Fast-Fall-Through 
Time Architecture 
Based on 
CMOS Dual-Port SRAM Technology 


• 
Input Port and Output Port Have Entirely 
Independent 
Timing 


• 
Expandable 
in Width and Depth 


• 
Full, Half-Full, and Empty Status Rags 


• 
Data Retransmission 
Capability 


• 
TIL-Compatible 
110 


• 
Pin and Functionally 
Compatible 
with IDT7206 


• 
Pin and Functionally 
Compatible, 
Except for Depth, 
With Smaller Industry-Standard 
x9 Asynchronous 
FIFOs, Such as IDT7201 Series, and Sharp LH5496 
and LH540201 
Series 


• 
Control Signals Assertive-LOW 
for Noise Immunity 


• 
Packages: 


28-Pin, 300-mil 
PDIP 
28-Pin, GOO-milPDIP 


FUNCTIONAL DESCRIPTION 


The LH540206 
is a FIFO (First-In, First-Out) 
memory 
device, based on fully-static CMOS dual-port SRAM tech- 
nology, capable of storing up to 16384 nine-bit words. It 
follows the industry-standard 
architecture 
and package 
pinouts for nine-bit asynchronous 
FIFOs. Each nine-bit 
LH540206 word may consist of a standard eight-bit byte, 
together with a parity bit or a block-marking/framing 
bit. 


The 
input 
and 
output 
ports 
operate 
entirely 
inde- 
pendently of each other, unless the LH540206 
becomes 
either totally full or else totally empty. Data flow at a port 
is initiated by asserting 
either of two asynchronous, 
as- 
sertive-LOW 
control inputs: Write (W) for data entry at the 
input port, or Read (R) for data retrieval at the output port. 


Full, Half-Full, 
and 
Empty 
status 
flags 
monitor 
the 
extent to which the internal memory has been filled. The 
system 
may make use of these status outputs to avoid 
the risk of data loss, which otherwise 
might occur either 
by attempting to write additional words into an already-full 
LH540206, or by attempting to read additional words from 
an already-empty 
LH540206. 
When 
an LH540206 
is 
operating in a depth-cascaded 
configuration, 
the Half-Full 
Flag is not available. 


Data words are read out from the LH540206's 
output 
port in precisely the same order that they were written in 
at its input port; 
that is, according 
to a Rrst-In, 
First Out 
(FIFO) queue discipline. 
Since the addressing 
sequence 
for a FIFO device's 
memory 
is internally 
predefined, 
no 
external addressing 
information 
is required for the opera- 
tion of the LH540206 
device. 


Drop-in-replacement 
compatibility 
is maintained 
with 
both larger sizes and smaller sizes of industry-standard 
nine-bit asynchronous 
FIFOs. The only change 
is in the 
number 
of internally-stored 
data words 
implied 
by the 
states of the Full Flag and the Half-Full Rag. 


The Hetransmit (RT) control signal causes the internal 
FIFC-memory-array 
read-address 
pointer to be set back 
to zero, to point to the LH540206's 
first physical memory 
location, 
without 
affecting 
the internal 
FIFO-memory- 
array write-address 
pointer. Thus, the Retransmit control 
signal provides 
a mechanism 
whereby 
a block of data, 
delimited 
by the zero physical 
address 
and the current 
write-address-pointer 
value, may be read out repeatedly 
an arbitrary number oftimes. 
The only restrictions are that 
neither the read-address 
pointer 
nor the write-address 
pointer may 'wrap around' during this entire process, Le., 
advance 
past physical 
location zero after traversing 
the 
entire 
memory. 
The 
retransmit 
facility 
is not available 
when 
an LH540206 
is operating 
in a depth-expanded 
configuration. 


28-PIN 
POJP 
TOP 
VIEW 
W 
Vcc 


O. 
O. 
03 
05 


O2 
O. 


0, 
0] 


00 
FURl 


Xi 
AS 
FF 
EF 


00 
XO/HF 
a, 
a] 


O2 
o. 
03 
05 


o. 
A. 


Vss 
R 


540206-20 


Figum 
1. 
Pin Connections 
for PDIP Package 


SHARP 


PRODUCT 
PREVIEW 


FUNCTIONAL DESCRIPTION (cont'd) 


The Reset (RS) control signal returns the LH540206 
to an 
initial 
state, 
empty 
and 
ready 
to be filled. 
An 
LH540206 should be reset during every system power-up 
sequence. 
A reset operation 
causes 
the internal 
FIFO- 
memory-array 
write-address 
pointer, as well as the read- 
address 
pointer, to be set back to zero, to point to the 
LH540206's 
first physical memory location. Any informa- 
tion 
which 
previously 
had 
been 
stored 
within 
the 
LH540206 
is not recoverable 
after a reset operation. 


A cascading 
(depth-expansion) 
sc~me 
may be imple- 
mented by using the Ex~sion 
In (XI) input signal and 
the Expansion 
Out (XO/HF) 
output signal. This scheme 
allows a deeper 
'effective 
FIFO' to be implemented 
by 


RS 
J~R_E_S_ET_ 
~ 
LOGIC 


using tv/o or more individual 
LH540206 
devices, without 
incurring 
additional 
latency 
('fallthrough' 
or 
'bub- 
blethrollgh') 
delays, and without the necessity 
of storing 
and retrieving 
any given data word more than once. In 
this cascaded 
operating 
mode, 
one LH540206 
device 
must be designated 
as the 'first-load' 
or 'master' device, 
by grounding 
its First-Load 
(FURT) 
control 
input; the 
remaining LH540206 devices are designated 
as 'slaves: 


by tying their FURT inputs HIGH. Because of the need to 
share control signals on pins, the Half-Full Flag and the 
retransmission 
capability are not available for either 'mas- 
ter' or 'slave' LH540206 
devices operating 
in cascaded 
mode. 


LH540215/25 


• 
Fast Cycle Times: 
15/20/25/50 
ns 


• 
Pin-CorTllatible 
Drop-In Replacements 
for 
IDT72215A125A 
FIFOs; Default Operating 
Mode is 
Functionally 
lOT-Compatible 


• 
Device Comes Up into Known Default State at 
Reset; Programming 
is Allowed, but is not Required 


• 
Internal Memory Array Architecture 
Based on CMOS 
Dual-Port SRAM Technology, 512 x 18 or 1024 x 18 


• 
'Synchronous' 
Enable-Plus-Clock 
Control at 
Both Input Port and Output Port 


• 
Independently-Synchronized 
Operation of Input Port 
and Output Port 


• 
Control Inputs SarTllled on Rising Clock Edge 


• 
All Control Signals Assertive-LOW 
for 
Noise Immunity 


• 
May be Cascaded 
for Increased Depth or 
Paralleled for Increased Width 


• 
16-mA-IoL Three-State 
Outputs 


• 
Five Status Flags: 
Full, Almost-Full, 
Half-Full, 


Almost-Empty, 
and ErTllty; 'Almost' Flags are 
Programmable 


• 
Almost-Full, 
Half-Full, and Almost-Empty 
Flags may 
be Made Completely 
Synchronous, 
in Optional 
Enhanced 
Operating 
Mode 


• 
Duplicate 
Enables for Interlocked 
Paralleled 
FIFO 
Operation, 
for 36-Bit Data Width, when Appropriately 
Connected, 
in Optional 
Enhanced 
Operating 
Mode 


• 
Disabling Three-State 
Outputs Suppresses 
Reading, in Optional 
Enhanced 
Operating 
Mode 


• 
Data Retransmit 
Function 


• 
nUCMOS-Compatible 
I/O 


• 
Space-Saving 
68-Pin PLCC Package 


FUNCTIONAL DESCRIPTION 


The LH540215/25 
are FIFO (First-In, Rrst-Out) 
mem- 


ory devices, based on fully-static CMOS dual-port SRAM 
technology, capable of containing up to 512 or 1024 18-bit 
words respectively. 
They can replace two or more byte- 
wide FIFOs in many applications, 
for microprocessor-to- 
microprocessor 
or 
microprocessor-to-bus 
communi- 
cation. Their architecture 
supports 
synchronous 
opera- 
tion, tied to two independent 
free-running 
clocks at the 
input 
and 
output 
ports 
respectively. 
However, 
these 
'clocks' also may be aperiodic, 
asynchronous 
'demand' 


signals. Almost all control input signals and status output 
signals 
are synchronized 
to these 
clocks, 
to simplify 
system design. 


The input and output 
ports operate 
altogether 
inde- 
pendently of each other, unless the FIFO becomes either 
absolutely 
full or else absolutely 
empty. 
Data flow 
is 
initiated at a port by the rising edge of its corresponding 
clock, 
and is gated 
by the appropriate 
edge-sampled 
enable signals. 


The following 
FIFO status flags monitor the extent to 
which the internal memory has been filled: Full, Almost- 
Full, Half-Full, Almost-Empty, 
and Empty. The Almost-Full 


and Almost-Empty 
flag offsets are programmable 
overthe 
entire FIFO depth; but, during a reset operation, 
each of 
these is initialized to a default offset of about 1/8 of the 
depth 
of one 
single 
FIFO, 
from 
the 
respective 
FIFO 
boundary. 
If this default offset is satisfactory, 
no further 
programming 
is required. 


After a reset operation, 
these 
FIFOs operate 
in the 
Default Operating 
Mode. In this mode, each part is pin- 


compatible 
and 
functionally-compatible 
with 
the 
IDT72215A125A 
part of similar depth and speed grade. 
However, the system 
may program 
the Command 
Reg- 
ister to activate any or al/ of the features available 
in the 
optional Enhanced Operating Mode, including selectable- 
clock-edge flag synchronization, 
and read inhibition when 
the data outputs are disabled. 
Interlocked-operation 
par- 


alleling is also available, 
by appropriate 
interconnection 
of the FIFO's 
expansion 
inputs. Also, assertion 
of the 
EMODE 
control 
input 
leaves 
Command 
Register 
bits 
06-10 
set, which 
causes 
the 
FIFO to operate 
in the 
Enhanced 
Operating 
Mode. 


The Retransmit control signal causes the internal FIFO 
read-address 
pointer 
to be set back 
to zero, 
without 


affecting the internal 
FIFO write-address 
pointer. Thus, 


the Retransmit control signal also provides a mechanism 
whereby 
a block of data delimited 
by the zero physical 
address 
and the current 
write-address 
pointer 
address 
may be read out repeatedly, an arbitrary nu mber of times. 


The only restrictions 
are that neither the read-address 
pointer nor the write-address 
pointer may 'wrap around' 
during this entire process, and that the retransmit facility 
is not available when a FIFO is operating 
in lOT-compat- 
ible depth-eascaded 
mode. 


Programming 
the programmable-flag 
offsets, the num- 
ber of FIFOs to be cascaded 
in depth, the timing syn- 
chronization 
of the various status flags, and the optional 
read-suppression 
functionality 
of OE may be individually 
controlled 
by asserting 
the signal LO, without any reset 
operation. 
When LO is asserted, while writing is enabled 
by asserting 
WEN, 
some or all of the input bus word 
00 - 017 is used 
at the next rising edge of WCLK 
to 
program one or more of the resource registers on succes- 
sive write clocks. Likewise, the values programmed 
into 


these resource registers may be read out for verification 
by asserting 
REN, with the outputs 
00 - 017 enabled. 


Reading out these resource registers should not be initi- 
ated while they are being written into. 


Coordinated 
operation 
of two 
18-bit 
FIFOs 
as one 
36-bit FIFO may be ensured 
by 'interlocked' 
crosscou- 
pling of status-flag 
outputs from each port to expansion 
inputs of the other one; that is, EF to WXIIWEN2, 
and FF 
to RXI/REN2, 
in both directions 
between 
two paralleled 
FIFOs. This 'interlocked' 
operation takes effect automat- 


ically, if 1wo paralleled 
FIFOs are crossconnected 
in this 
manner. (See Table 2.) lOT-eorrpatible 
depth cascading 
is no longer available when operating 
in this mode; how- 
ever, pipe lined depth cascading 
remains possible. 
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PIN 
NAME 
PIN 
DESCRIPTION 
TYPE' 


Do-D17 
Data Inputs 
I 
Data inputs from an 18-bit bus. 


When RS is taken LOW, the FIFO's internal read and write~inters 
are 
set to address the first physical location of the RAM array; FF and PAF go 
RS 
Reset 
I 
HIGH; and PAE and EF go LOW. The programmable-f1ag-offset 
registers 
and the Command 
Register are set to their default values. A reset is 
required before an initial write after power-up. 


When EMODE is held LOW, Command 
Register bits 06-10 are forced 
Enhanced 
HIGH rather than LOW, thus enabling all Enhanced Operating 
Mode 
EMODE 
Operating 
I 
features. (See Table 5.) If this behavior is always desired, EMODE may 
Mode 
be grounded. 
Alternatively, 
EMODE may be tied to Vcc. so that the FIFO 
is functionally 
IDT-compatible. 


Data is written into the FIFO on a LOW-to-HIGH 
transition 
of WCLK, 


WCLK 
Write Clock 
I 
whenever 
WEN (Write Enable) is being asserted (LOW), and LD is HIGH. 


If LD is LOW, a resource register rather than the intemal FIFO memory is 
written into. 


When WEN is LOW and [0 is HIGH, an 18-bit data word is written into 
the FIFO on every LOW-to-HIGH 
transition of WCLK. When WEN is 


WEN 
Write Enable 
I 
HIGH, the FIFO internal memory continues to hold the previous data. 
(See Table 3.) Data will not be written into the FIFO if FF is LOW. In the 
optional Enhanced Operating 
Mode, WEN2 may be combined 
with WEN 
to produce an effective internal write-enable 
signal. 


Data is read from the FIFO on a LOW-to-HIGH 
transition of RCLK 


RCLK 
Read Clock 
I 
whenever 
REN (Read Enable) is being asserted (LOW), and LD is HIGH. 


If LD is LOW, a resource register rather than the internal FIFO memory is 
read from. 


When REN is LOW and LD is HIGH, an 18-bit data word is read from the 
FIFO on every LOW-te-HIGH 
transition of RCLK. When REN is HIGH, 


REN 
Read Enable 
I 
the FIFO's output register continues to hold the previous data word, 
whether or not 00 - 017 (the data outputs) are enabled. (See Table 3.) In 
the optional Enhanced Operating 
Mode, REN2 may be combined 
with 
REN to produce an effective internal read-enable 
signal. 


When OE is LOW, the FIFO's data outputs drive the bus to which they 
are connected. 
If OE is HIGH, the FIFO's outputs are in high-Z (high- 
impedance) 
state. In the optional Enhanced 
Operating 
Mode, OE not only 
OE 
Output Enable 
J 
continues to control the outputs in this same manner, but also may be 
configured to function as an additional input to the combined 
effective 
read-enable 
signal, along with REN and perhaps also with REN2. (See 
Table 5.) 


When LD is LOW, the data word on Do - D17 (the data inputs) is written 
to a programmable-f1ag-offset 
or command 
register on the LOW-to-HIGH 


LD 
transition of WCLK, whenever WEN is LOW. (See Table 3.) Also, when 
Load 
I 
LD is LOW, a word is read to 00 - 017 (the data outputs) from the offset 
and/or command 
registers on the LOW-to-HIGH 
transition of RCLK, 
whenever 
REN is LOW. (See again Table 3.) When LD is HIGH, normal 
FIFO write and read operations 
are enabled. 


PIN 
NAME 
PIN 
DESCRIPTION 
TYPE· 


In the standalone or paralleled configuration, 
FL may be grounded. 
However, in the standalone 
or paralleled configuration, 
if FL is taken 


First Load! 
HIGH, it functions instead as RT (Retransmit), 
and resets the FIFO's 
FURT 
I 
internal read pointer to the first physical location of the RAM array. In the 
Retransmit 
cascaded configuration, FC has an entirely different function; 
it is 
grounded for the first FIFO device (the 'master' device or 'first-load' 
device), and is set to HIGH for all other FIFO devices in the daisy chain. 


This signal is dual-purpose; 
its functionality 
is determined 
during a reset 
operation, according to its own state, and also according to the states of 


Write 
the two other control inputs RXI/REN2 and FURl. 
(See Tables 2 and 6.) 


WXIIWEN2 
Expansion 
In the standalone or paralleled configuration, 
WXIIWEN2 
is grounded. 
In 


Input! 
I 
the cascaded configuration, 
WXIIWEN2 
is connected 
to WXO (Write 


Write Enable 2 
Expansion Output) of the previous device, and functions 
as WXI. In the 
optional Enhanced 
Operating 
Mode, WXIIWEN2 
functions 
as a second 
write-enable 
signal, WEN2, which is combined 
with WEN to produce an 
effective internal write-enable 
signal. 


This signal is dual-purpose; 
its functionality 
is determined 
during a reset 
operation, according to its own state, and also according to the states of 
the two other control inputs WXIIWEN2 
and FURl. 
(See Tables 2 and 6.) 
Read 
In the standalone 
or para leled configuration, 
RXI/REN~rounded. 
In 


RXI/REN2 
Expansion 
I 
the cascaded configuration, 
RXI/REN2 is connected 
to RXO (Read 
Input! 
Expansion Output) of the previous device, and functions as RXI. In the 
Read Enable 2 
optional Enhanced Operating 
Mode, RXIIREN2 functions as a second 
read-enable 
signal, REN2, which is combined 
with REN - and perhaps 
also with OE, if Command-Register 
bit 10 is set - to produce an effective 
internal read-enable 
signal. 


When FF is LOW, the FIFO is full; further advancement 
of its internal 


FF 
0 
write-address 
pointer, and further data writes into its inputs, are inhibited. 


Full Flag 
When FF is HIGH, the FIFO is not full. FF is synchronized 
to WCLK. FF 
is functionally 
equivalent to an assertive-HIGH 
'Input Ready' control input 
signal. 


When PAF is LOW, the FIFO is 'almost full: based on the almost-full 


Programmable 
offset programmed 
into the FIFO. The default value of this offset at reset 
PAF 
Almost-Full 
Flag 
0 
is about 1/8 of the FIFO capacity, measured from 'lull.' (See Table 4.) In 
Default Mode, PAF is asy chronous; 
in the optional Enhanced 
Operating 
Mode, PAF is synchronizEld to WCLK. (See Table 5.) 


This signal is dual-purpose; 
its functionality 
is determined 
during a reset 
operation 
according to the states of the two control inputs WXIIWEN2 
Write 
and RXI/REN2. (See Tables 2 and 6.) In the standalone 


WXO/HF 
Expansion 
0 
or paralleled configuratio 
,whenever 
HF is LOW the device is more than 
Output! 
half full. In Default Mode, HF is asynchronous; 
in the optional Enhanced 
Half-Full Flag 
Operating 
Mode, HF may be synchronized 
either to WCLK or to RCLK. 


(See Table 5.) In the cascaded 
configuration, 
a pulse is sent from WXO 
to WXI of the next device whenever the last location in the FIFO is written. 


When PAE is LOW, the FIFO is 'almost empty,' based on the almost- 
Programmable 
empty offset programmed 
into the FIFO. The default value of this offset at 
PAE 
Almost-Empty 
0 
reset is about 1/8 of the FIFO capacity, measured from 'empty.' (See 
Flag 
Table 4.) In Default Mode, PAE is asynchronous; 
in the optional 
Enhanced Operating 
Mode, PAE is synchronized 
to RCLK. (See Table 5.) 


PIN 
NAME 
PIN 
DESCRIPTION 
TYPE' 


When EF is LOW, the FIFO is empty; further advancement 
of its intemal 


EF 
read-address 
pointer, and further changes 
in the data word present at its 
Empty Flag 
0 
outputs, are inhibited. When EF is HIGH, the FIFO is not empty. EF is 
synchronized 
to RCLK. EF is functionally 
equivalent to an assertive- 


HIGH 'Output Ready' input control signal. 


Read 
In the IDT-eompatible 
cascaded configuration, 
a pulse is sent from RXO 
RXO 
Expansion 
0 
to RXI of the next FIFO whenever the last location in the FIFO is read. 
Output 


00-017 
Data Outputs 
OIZ 
Data outputs to drive an 1B-bit bus. 


Vcc 
Power 
V 
Seven +5 V power-supply 
pins. 


Vss 
Ground 
V 
Eight 0 V ground pins. 


DEPTH CODE 
TOTAL DEPTH 


d 
WITH 
WITH 
lH540215s 
LH540225s 


0 
512 
1024 
1 
512 
1024 
2 
1024 
2048 


3 
1536 
3072 


... 
... 
... 


d 
512d 
1024d 
... 
... 
... 


31 
15872 
31744 
32 
16384 
32768 


Table 2. Grouping-Mode 
Determination 
During 
a Reset Operation 
-- 
- 
RXIIREN2 
FURT 
WXO/HF 
WXIIWEN2 
RXI/REN2 
FURT 
EMODE 
WXIIWEN2 
MODE 
USAGE 
USAGE 
USAGE 
USAGE 


H 
H 
H 
H 
Cascaded 
Slave 1 
WXO 
WXI 
RXI 
FL 


H 
H 
H 
L 
Cascaded 
Master 
1 
WXO 
WXI 
RXI 
FL 


H 
H 
L 
X 
(Reserved) 
(HF) 
(WXI) 
(RXI) 
(RT) 


H 
L 
H 
X 
(Reserved) 
(WXO) 
(WXI) 
(RXI) 
(FL) 


H 
L 
L 
H 
(ReserVed) 
(HF) 
(none) 
(none) 
(RT) 


H 
L 
L 
L2 
Standalone 
HF 
(none) 
(none) 
RT 


H 
L 
L 
H 
(Reserved) 
(HF) 
(none) 
(none) 
(RT) 


L 
X 
X 
L2 
terlocked 
Paralleled 
HF 
WEN2 
REN2 
RT 


NOTES: 


1. 
The terms 'maSEr' and 'slave' refer to IDT-compatible cascading. In pipelined cascaaing, there is no such distinction. 
2. 
Once grouping made has been deErmined, FDRT is allav.ed to go HIGH to control mtransmisson. 


3. 
H = HIGH; L = LOW; X = Don't Care. 


FURT 


WXIIWE!:!.z 


WXO/HF 
RXI/REN2 


RXO 


Do - D17 


LD 


OUTPUT 
PORT 
CONTROL 


LOGIC 


PARAMETER 
RATING 


Supply Voltage to Vss Potential 
-0.5Vt07V 


Signal Pin Voltage to Vss Potential 
-0.5 V to Vcc + 0.5 V 


DC Output Current 1 
±75mA 


Terrperature Range with Power Applied 2 
-55°C 
to 125°C 


Storage Terrperature 
Range 
-65°C 
to 150°C 


Power Dissipation (Package Limit) 
2W(PLCC) 


NOTES: 
1. 
Only oneoulput 
may be shorted ala time, lor a period nolexoeeding 
30 seconds. 


2. 
Measured with clocks idle. 


SYMBOL 
PARAMETER 
MIN 
MAX 
UNIT 


TA 
Temperature. Ambient 
0 
70 
C 


Vcc 
Supply Voltage 
4.5 
5.5 
V 


Vss 
Supply Voltage 
0 
0 
V 


VIL 
Logic LOW Input Voltage 
-0.5 
0.8 
V 


VIH 
Logic HIGH Input Voltage 
2.0 
Vcc + 0.5 
V 


SYMBOL 
PARAMETER 
TESTCONDITIONS 
MIN 
MAX 
UNIT 


III 
Input Leakage 
Vcc = 5.5 V. VIN '" 0 V to Vcc 
-1 
1 
~ 


ILO 
I/O Leakage 
OE ~ VIH. 0 V $ VOUT$ Vcc 
-2 
2 
~ 


VOH 
Output HIGH Voltage 
IOH=-8.0 mA 
2.4 
V 


VOL 
Output LOW Voltage 
IOL= 16.0 mA 
0.4 
V 


Icc 
Average Operating Supply Current 
Measured at fc = max 
250 
mA 


ICC2 
Average Standby Supply Current 
All inputs = VIHMIN(clock idle) 
60 
mA 


Icc3 
Power-Down Supply Current 
All inputs = Vcc - 0.2 V (clock idle) 
1 
mA 


PARAMETER 
RATING 


Input Pulse Levels 
Vss to 3 V 


Input Rise and Fall Times (10% to 90%) 
3 ns 


Output Reference Levels 
1.5 V 


Input Timing Reference Levels 
1.5 V 


R1 (Top Resistor) 
Uk 
Ohms 
Output Load. 
R2 (Bottom Resistor) 
680 Ohms 
Timing Tests 
CL (Load Capacitance) 
30 pF 


DEVICE 
UNDER 
TEST 


PARAMETER 
RATING 


CIN (Input Capacitance) VIN = 0 V 
7pF 


Co (Output Capacitance) VOUT= 0 V 
7 pF 


-15 
-20 
-25 
-50 
SYMBOL 
PARAMETER 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 
MIN. 
MAX. 


fs 
Clock Cycle Frequency 
67 
50 
40 
20 


tA 
Data Access lime 
2 
11 
2 
14 
3 
15 
3 
25 


tClK 
Clock Cycle lime 
15 
20 
25 
50 


tClKH 
Clock HIGH lime 
6 
8 
10 
20 


tClKl 
Clock LOW lime 
7 
9 
10 
20 


tos 
Data Setup lime 
4 
5 
6 
10 


tOH 
Data Hold lime 
1 
1 
1 
2 


tENS 
Enable Setup lime 
4 
5 
6 
10 


tENH 
Enable Hold lime 
1 
1 
1 
2 


tRS 
Reset Pulse Width 1 
15 
20 
25 
50 


tRSS 
Reset Setup lime 2 
9 
12 
15 
30 


tRSF 
Reset to Flag and Output lime 
15 
20 
25 
50 


tOLZ 
Output Enable to Output in Low-Z 2 
0 
0 
0 
0 


tOE 
Output Enable to Output Valid 
7 
9 
12 
20 


tOHZ 
Output Enable to Output in High-Z 2 
1 
7 
1 
9 
1 
12 
1 
20 


tWFF 
Write Clock to Full Flag 
11 
14 
16 
30 


tREF 
Read Clock to Empty Rag 
11 
12 
15 
30 


tPAF 
Clock to Programmable Almost-Full Flag 
15 
20 
22 
35 
(Default Mode) 


tPAE 
Clock to Programmable Almost-Empty Flag 
15 
20 
22 
35 
(Default Mode) 


tHF 
Clock to Half-Full Flag (Default Mode) 
15 
20 
22 
35 


tPAFS 
Clock to Programmable Almost-Full Flag 
11 
12 
15 
30 
(Enhanced Mode) 


tPAES 
Clock to Programmable Almost-Empty Flag 
11 
12 
15 
30 
(Enhanced Mode) 


tHFS 
Clock to Half-Full Flag (Enhanced Mode) 
11 
12 
15 
30 


txo 
Clock to Expansion-Out 
9 
12 
15 
30 


tXI 
Expansion-In Pulse Width 
6 
8 
10 
20 


tXIS 
Expansion-In Setup lime 
6 
8 
10 
20 


tSKEW1 
Skew lime 
Between Read Clock and Write 
11 
14 
16 
20 
Clock for Full Rag 


tSKEW2 
Skew lime 
Between Read Clock and Write 
11 
14 
16 
20 
Clock for Empty Flag 


NOTES: 
1. 
Pulse widths less than the slaEd minimum values may cause incorrectoperalion. 


2. 
Values are guaranteed by design; not currently IesEd. 


LD 
WEN 
REN 
WCLK 
RCLK 
ACTION 


L 
X 
X 
- 
- 
No operation. 


L 
L 
H 
1\ 
- 
Write to a resource register. 1 


L 
H 
H 
1\ 
- 
Increment resource-register 
write counter, but do not write. 2 


L 
H 
L 
- 
1\ 
Read from a resource register. 1 


L 
H 
H 
- 
1\ 
Increment resource-register 
read counter, but do not read. 2 


L 
X 
X 
1\ 
1\ 
Illegal combination, 
which will cause errors. 


H 
L 
X 
1\ 
X 
Normal FIFO write operation. 


H 
X 
L 
X 
1\ 
Normal FIFO read operation. 


H 
L 
X 
- 
X 
No write operation. 


H 
H 
X 
X 
X 
No write operation. 


H 
X 
L 
X 
- 
No read operation. 


H 
X 
H 
X 
X 
No read operation. 


H 
L 
L 
- 
- 
No operation. 


H 
H 
H 
X 
X 
No operation. 


KEY: 
H ~ Logic 'HIGH'; 
L ~ Logic 'LOW; 
X ~ 'Don't-care' (logic 'HIGH,' logic 'LOW,' or any transition); 


/\ ~ A 'LOW-to-'HIGH' 
transition; 
- = Any condition EXCEPT a 'LOW'-!o-'HIGH' transition. 


NOTES: 
1. 
The selection of a resource regisllH to be written or read is controlled by two simple slate machines. One SlaB machine controls 1I1eselection 
for writing; the other SlaB machine controls the selection for reading. These two StaB machines operaB independently of each other. 80111 
SlaB machines are reset to point to Word 0 by a reset operation. 


2. 
The orderof the three resource regisBrs, as selecBd by either SlaB machine, is a~vays: 


Word 0: Almost-Empty Offset Register 
Word 1: Almost-Full Offset Regisler 
Word 2: Command Regisler 
Word 0: Almost-Empty Offset Register 


NUMBER OF UNREAD DATA WORDS PRESENT WITHIN FIFO 1,2 
- 
- 
- 
PAE 
- 
FF 
PAF 
HF 
EF 
512 x 18 FIFO 
1024 x 18 FIFO 


0 
0 
H 
H 
H 
L 
L 


1 to q 
1 to q 
H 
H 
H 
L 
H 


(q + 1) to 256 
(q + 1) to 512 
H 
H 
H 
H 
H 


257 to (512 - (p + 1)) 
513 to (1024 - (p + 1)) 
H 
H 
L 
H 
H 


(512-p) 
to 511 
(1024 - p) to 1023 
H 
L 
L 
H 
H 


512 
1024 
L 
L 
L 
H 
H 


NOTES: 
1. 
q ~ Programmable-Almost-Empty 
Offset. (Default values: 512 x 18, q = 63; 1024 x 18, q = 127.) 


2. 
p = Programmable-Almost-Full 
Offset. (Default values: 
512 x 18, p = 63; 1024 x 18 
P = 127.) 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES 


Data Inputs 


DATA 
IN (Do - 017) 


Data, 
programmable-flag-offset 
values, 
and 
Com- 
mand-Register 
codes 
are input to the 
FIFO as 18-bit 
words on Do - 
D17. Unused 
bit positions 
in offset and 
Command-Register 
words should be zero-filled. 


Control 
Inputs 


RESET (RS) 


The FIFO is reset whenever 
the asynchronous 
Reset 
(RS) input is taken to a LOW state. A reset operation 
is 
required 
after power-up, 
before the first write operation 
may occur. The state of the FIFO is fully defined after a 
reset operation. 
If the default values which are entered 
into the Programmable-Flag-Offset-Value 
Registers 
and 
the Command 
Register by a reset operation 
are accept- 
able, then no device programming 
is required. 
A reset 
operation 
initializes the FIFO's intemal read-address 
and 
write-address 
pointers to the FIFO's firs~ysical 
me~ 
location. The five status flags, FF, PAF, HF, PAE, and EF, 
are updated to indicate that the FIFO is completely empty; 
thus, the first three of these are reset to HIGH, and the 
last two are reset to LOW. The flag-{)ffset values for PAF 
and PAE each are initialized to about 1/8 of the depth of 
a single 
FIFO; 63 for a 512-word 
FIFO, and 127 for a 
1024-word 
FIFO. If EMODE is not being asserted (Le., if 
EMODE 
is HIGH), the Command 
Register 
is initialized 
to 
configure 
the 
FIFO 
to 
operate 
in the 
100% 
IDT72215N25A-compatible 
Default 
Operating 
Mode. 


The Depth Code is initialized to LLLLLH 
(0110). Until a 
write operation 
occurs, the data outputs Do - D17 all are 
LOW whenever 
OE is LOW. 


ENHANCED 
OPERATING 
MODE (EMODE) 


Whenever 
EMODE is being asserted, Command 
Reg- 
ister bits 06-10 remain HIGH rather than LOW after the 
completion 
of the reset operation. Thus, EMODE has the 
effect of activating 
optional 
Enhanced 
Operating 
Mode 
features, 
without 
the need to configure 
the Command 
Register by the normal programming 
method. The behav- 
ior of these optional features is described 
in Table 5. For 
permanent 
Enhanced 
Operating 
Mode 
operation, 
EMODE must be grounded. 


Asserting 
EMODE also causes WXIIWEN2 to be con- 
figured 
as WEN2, 
and RXI/REN2 
to be configured 
as 
REN2. 


WRITE CLOCK 
(WCLK) 


A rising edge (LOW-te-HIGH 
transition) of WCLK initi- 
ates a FIFO write ~cle 
if LD is HIGH, or a resource-reg- 
ister write cycle if LD is LOW. The 18 data inputs, and all 
input-side 
synchronous 
control inputs, must meet setup 


and hold times with respect to the rising edge of WCLK. 
The input-side status flags are meaningful 
after specified 
time intervals, following a rising edge of WCLK. 


Conceptually, 
WCLK receives a free-running, 
periodic 


'clock' waveform, 
used to control other signals which are 
edge-sensitive. 
However, there actually is not any abso- 


lute requirement 
that the WCLK waveform must be peri- 


odic. 
An 'asynchronous' 
mode 
of operation 
is in fact 
possible, 
if WEN 
is continuously 
asserted 
(that is, is 
continuously 
held LOW), and WCLK 
receives 
aperiodic 
'clock' pulses of suitable 
duration. 
There likewise 
is no 
requirement that WCLK must have any particular relation 
to the read clock RCLK. These two clock inputs may in 
fact receive the same 'clock' signal; or they may receive 
totally-different 
signals, 
which 
are not synchronized 
to 
each other in any way. 


WRITE 
E 
ABLE 
(WEN) 


Whenever 
WEN is being asserted (is LOW) and LD is 
HIGH, and the FIFO is not full, an 18-bit data word is 
loaded 
into the input register 
for the memory 
array at 
every WCLK rising edge (LOW-to-HIGH 
transition). 
Data 
words are stored into the two-port memory array sequen- 
tially, regardless 
of any ongoing 
read operation. 
When- 


ever WEN 
is not being 
asserted 
(is HIGH), 
the input 
register 
retains 
whatever 
data 
word 
it contained 
pre- 
viously, 
and 
no new data 
word 
gets 
loaded 
into the 
memory array. 


To prevent overrunning 
the intemal FIFO boundaries, 


further write operations 
are inhibited 
whenever 
the Full 
Flag (FF) is being 
asserted 
(is LOW). 
If a valid 
read 
operation 
then occurs, upon the completion 
of that read 
cycle FF again goes HIGH after a time tWFF, and another 
write 
operation 
is allowed 
to begin 
whenever 
WCLK 
makes 
another 
LOW-to-HIGH 
transition. 
Effectively, 


WEN is overridden 
by FF; thus, WEN has no effect when 
the FIFO is full. 


In the optional Enhanced Operating 
Mode, if EMODE 
is being 
asserted 
(is LOW), 
WXIIWEN2 
functions 
as 
WEN2, 
an additional 
duplicate 
(albeit 
assertive-HIGH) 
write-enable 
input, in order to provide 
an 'interlocking' 
mechanism 
for reliable synchronization 
of two paralleled 
FIFOs. To control writing, WEN2 is combined 
with WEN; 


the logic-AND function of WEN and WEN2 then behaves 
like WEN in the foregoing description. 


READ CLOCK 
(RCLK) 


A rising edge (LOW-to-HIGH 
transition) 
of RCLK initi- 
ates a FIFO read..£}'cle if LD is HIGH, or a resource-reg- 
ister read cycle if LD is LOW. All output-side 
synchronous 
control 
inputs must meet setup and hold times with re- 
spect to the rising edge of RCLK. The 18 data outputs, 
and the olltput-side 
status flags, 
are meaningful 
after 
specified time intervals, following a rising edge of RCLK. 


Conceptually, 
RCLK receives a free-running, 
periodic 
'clock' wavHform, used to control other signals which are 


PRELIMINARY 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


edge-sensitive. 
However, there actually is not any abso- 
lute requirement 
that the RCLK waveform 
must be peri- 
odic. 
An 'asynchronous' 
mode 
of operation 
is in fact 
possible, 
if REN 
is continuously 
asserted 
(that 
is, is 
continuously 
held LOW), and RCLK receives 
aperiodic 
'clock' pulses of suitable duration. 
There 
likewise 
is no 
requirement 
that RCLK must have any particular relation 
to the write clock WCLK. These two clock inputs may in 
fact receive the same 'clock' signal; or they may receive 
totally-different 
signals, 
which 
are not synchronized 
to 
each other in any way. 


READ ENABLE 
(REN) 


Whenever 
REN is being asserted 
(is LOW), and the 
FIFO is not full, an 18-bit data word is loaded into the 
output 
register 
from the memory 
array at every 
RCLK 
rising edge (LOW-te-HIGH 
transition). 
Data words 
are 
read from the twe-port memory array sequentially, ~d- 
less of any ongoing 
write operation. 
Whenever 
REN is 
not being asserted 
(is HIGH), the output register retains 
whatever 
data word it contained 
previously, 
and no new 
data word gets loaded into it from the memory array. 


To prevent underrunning 
the intemal FIFO boundaries, 
further read operations 
are inhibited whenever the Empty 
Flag (EF) is being 
asserted 
(is LOW). 
If a valid write 
operation then occurs, upon the completion 
of that write 
cycle EF again goes HIGH after a time tREF, and another 
read 
operation 
is allowed 
to begin 
whenever 
RCLK 
makes another LOW-to-HIGH 
transition. Effectively, REN 
is overridden 
by EF; thus, REN has no effect when the 
FIFO is efll)ty. 


In the optional Enhanced Operating 
Mode, one or two 
additional read enable inputs may be combined with REN 
to control reading; the logic-AND function of these two or 
three 
inputs 
then 
behaves 
like REN 
in the foregoing 
description. 
If EMODE 
is being 
asserted 
(is LOW), 
RXIIREN2 
functions 
as REN2, an additional 
duplicate 
(albeit assertive-HIGH) 
REN input, in order to provide an 
'interlocking' 
mechanism 
for reliable synchronization 
of 
two paralleled -.£!.F0s. Also, if Command 
Register bit 10 
has been set, OE takes on the extra role of serving as yet 
another 
duplicate 
REN 
input, in addition to its usual 
function of controlling the FIFO's data outputs, in order to 
inhibit further read operations 
whenever 
the FIFO's data 
outputs are disabled. 


OUTPUT 
ENABLE 
(OE) 


OE 
is an 
assertive-LOW, 
asynchronous, 
output 
enable. In the Default Operating 
Mode, OE has only the 
effect of enabling or disabling the data outputs 00 - 017. 
That is, disabling 00 - 017 does not inhibit a read opera- 
tion, for data being transmitted 
to the output register; the 
same data will remain available 
later, when the outputs 


are 
again 
enabled, 
unless 
subsequently 
overwritten. 


When 
00 - 017 
are enabled, 
each 
of these 
18 data 
outputs is in a normal HIGH or LOW state, according 
to 
the bit pattem of the data word in the output register. When 
00 - 017 are disabled, 
each of these outputs 
is in the 
high-Z (high-impedance) 
state. 


In the optional 
Enhanced 
Operating 
Mode, 
if Com- 
mand r~egister bit 10 has been set, OE behaves 
as an 
additional read enable, as well as enabling and disabling 
the data outputs 00 - 017. Under these circumstances, 
incrementing 
the read-address 
pointer is inhibited when- 
ever 00 - 
017 are in the high-Z state. Thus, 
'reading' 
successive 
words which fail to reach the outputs is pre- 


vented, as a safeguard against data loss. 


LOAD (LD) 


The Sharp LH540215/25 
FIFOs contain 
three 
18-bit 
resource registers. The contents of these three registers 
may be loaded with data from the data inputs Do - D17, 
or read out on the data outputs 00 - 017. The first two 
registers are the Programmable-Rag-Offset-Value 
~- 
isters, for the Programmable 
Almost-Emp!l.£!ag 
(PAE) 
and the Programmable 
Almost-Full 
Flag (PAF) respec- 
tively. The third register is the Command 
Register, which 
includes the 6-bit IDT72215A!25A 
'Depth Code' field d, 
along with several configuration-eontrol 
bits for Sharp's 
optional Enhanced-Operating-Mode 
features. 


None of these three registers makes use of all of its 
available 
18 bits. Figure 4 shows which bit positions 
of 
each register 
are operational. 
The two Programmable- 
Flag-Offset-Value 
Registers each contain the offset value 
in bits 0-15; bits 16-17 are unused. The Command 
Reg- 
ister configuration 
is shown in Table 5. For the Command 
Register, the default value for any operational 
bit which 
has not been programmed 
is zero (LOW); except, that the 
default 
value of the 
Depth Code 
is LLLLLH 
(0110), in 
conformity 
with IDT's usage. The default values for both 
offsets are about 1/8 of the total number of words in the 
FIFO: 63 for a 512 x 18 FIFO, and 127 for a 1024 x 18 
FIFO. 


Whenever 
LD and WEN 
are simultaneously 
being 
asserted 
(are both LOW), the 18-bit data word from the 
data inputs Do - D17 is written into the Programmable- 
Empty-Flag-Offset-Value 
Register at the first rising edge 
(LOW-te-HIGH 
transition) olthe write clock (WCLK). (See 
Table 3.) If LD and WEN continue to be simultaneously 
asserted, another 
18-bit data word from the data inputs 
Do - D17 is written into the Programmable-Full-Rag-Off- 
set-Value 
Register at the second 
rising edge of WCLK, 
and still another 
18-bit data word from the data inputs 
Do - D17is written into the Command 
Register althe third 
rising edge of WCLK. At the fourth rising edge of WCLK, 
writing again occurs to the Programmable-Empty-Flag- 
Offset-Value 
Register; 
and the writing 
sequence 
gets 
repeated on subsequent 
WCLK rising edges. 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


The lower 9 bits of these data words are made use of 
by the 512-word 
LH540215, 
and the lower 10 bits by the 
1024-word LH540225. 
10 bits are used forthe Command 
Register, 
by both the 
LH540215 
and the 
LH540225. 
There is no restriction on the values which may occur in 
these data fields; however, 
unused 
bit positions 
should 
be encoded 
LOW in order to maintain forward compati- 
bility. 


Writing contents to these three resource registers does 
not have to occur all at one time, or to be effected by one 
single sequence of steps. Whenever LD is being asserted 
(is LOW) but WEN is not being asserted 
(is HIGH), the 
FIFO's 
internal 
resource-register-write-address 
pointer 
advances 
at each 
rising 
edge of WCLK, 
without 
any 
writing 
actually 
taking 
place. 
(See Table 3.) Thus, 
for 
instance, one or two resource 
registers 
may be written, 


after which the FIFO may be returned to normal FIFO-ar- 
ray-read/write 
operation 
by deasserting 
LD (to HIGH). 


Likewise, whenever 
LD and REN are simultaneously 
being asserted (are both LOW) the 18-bit data word from 


the Programmable-Empty-Flag-Offset-Value 
Register 
is 
read to the data outputs 
Qo - 
Q17 at the first rising edge 
(LOW-to-HIGH 
transition) of the read clock (RCLK). (See 
Table 3.) If LD and REN continue 
to be simultaneously 
asserted, another 18-bit data word from the Programma- 
ble-Full··Flag-Offset-Value 
Register 
is read to the data 
outputs 00 - Q17 at the second rising edge of RCLK, and 
still anolher 18-bit data word from the Command 
Register 
is read to the data outputs 00 - Q17 at the third rising edge 
of RCLK. At the fourth rising edge of RCLK, reading again 
occurs ffomthe 
Programmable-Empty-Flag-Offset-Value 
Register; 
and the reading 
sequence 
gets repeated 
on 
subsequent 
RCLK rising edges. 


Reading contents from these three resource registers 
does not have to occur all at one time, or to be effected 
by one single sequence 
of steps. Whenever 
LD is being 
asserted 
(is LOW) 
but REN 
is not being 
asserted 
(is 
HIGH), 
the 
FIFO's 
internal 
resource-register-read-ad- 
dress pointer 
advances 
at each rising edge of RCLK, 


without any reading actually taking place. (See Table 3.) 
Thus, for instance, one or two resource registers may be 
read, after which the FIFO may be returned 
to normal 
FIF()..an·ay-read/write 
operation 
by deasserting 
LD (to 
HIGH). 


wo'''[8J 


17 
16 
15 


wo,,,[8J 


17 
16 
15 


CD Reserved. 
Enables a special test mode, for manufacturer's use only; disables normal operating mode. 
@) Enables suppressing reading whenever data outputs are disabled. 
@) Makes PAF synchronous. 
o Makes HF synchronous. 
(See the Command-Register Formal table for the encoding of bits 7-8.) 
® Makes PAE synchronous. 


NOTES: 
1. Default offset values are 6310 (LH540215) or 12710 (LH540225). 
See the Command-Register Format table for the default state of the command register. 


2. The asser~on of EMODE foroes Command Register bits 06-10 HIGH. 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


To ensure correct operation, rising edges of WCLK and 
RCLK should not both be occuring at the same time while 
LO is being asserted. 


FIRST LOAD/RETRANSMIT 
(FURl) 


FURT is a dual-purpose 
signal. It is one of three input 
signals which select the grouping mode in which the FIFO 
operates 
after being reset; the other two of these input 
signals 
are WXIIWEN2 
and RXI/REN2. 
There are four 
possible grouping 
modes: standalone, 
interlocked paral- 
leled, 
cascaded 
'master' 
or 'first-load,' 
and 
cascaded 


'slave.' The designations 
'master' 
and 'slave' pertain to 
lOT-compatible depth cascading. Tables 2 and 6 show the 
signal encodings 
which select each grouping 
mode. 


In standalone 
or paralleled 
operation, 
the FURT pin 
should be grounded for strict IOT72215Ai25A-compatible 
operation. However, if it is taken HIGH, the FIFO's internal 
read-address 
pointer is reset to address the FIFO's first 
physical memory location, without any other reset actions 
being 
taken; 
in particular, 
the 
FIFO's 
internal 
write- 
address 
pointer 
is unaffected. 
Subsequent 
read opera- 
tions may then again read out the same block of data, 
delimited by the FIFO's first physical memory location and 
the current value of the write pointer, as was read out 
previously. 
There is no limit on the number of times that 
a block of data may be retransmitted. 
The only restrictions 
are that neither the read-address 
pointer nor the write-ad- 
dress pointer may 'wrap around' and address the FIFO's 
first physical 
memory 
location a second time during the 
retransmission 
process, and that the retransmit facility is 
unavailable 
during IOT-compatible 
cascaded operation. 


In 
lOT-compatible 
cascaded 
operation, 
FURT 
is 
grounded 
to distinguish 
the 'master' 
or 'first-load' 
FIFO 
from the other 'slave' FIFOs in the cascade, which roost 
all have their FURT inputs HIGH during a reset operation. 
(See again Tables 2 and 6.) The cascade will not operate 
correctly 
either without any 'master' 
FIFO, or with more 
than one 'master' 
FIFO. 


WRITE 
EXPANSION 
INPUTIWRITE 
ENABLE 
2 
(WXIIWEN2) 


WXIIWEN2 
is a dual-purpose 
signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates 
after being reset; the other two of these 
input signals are FURT and RXI. There are four possible 
grouping modes: standalone, 
interlocked paralleled, cas- 
caded 'master' 
or 'first-load,' 
and cascaded 
'slave.' The 
designations 
'master' 
and 'slave' pertain to lOT-compat- 
ible depth cascading. 
Tables 2 and 6 show the signal 
encodings 
which select each grouping 
mode. 


In standalone 
operation, 
WXIIWEN2 
and RXIIREN2 
both must be grounded 
so that the FIFO comes up in the 


standalone 
grouping 
mode 
after a reset operation. 
In 
interlocked 
paralleled operation, WXIIWEN2 
is tied to FF 
of the other paralleled 
FIFO, and RXI/REN2 is tied to EF 
of that same other 
FIFO. This interconnection 
ensures 
that both FIFOs will operate together, and remain coordi- 
nated, regardless of timing skews. 


In cascaded operation, WXIIWEN2 is connected to the 
WXO (Write Expansion Output; actually WXO/HF) output 
olthe previous FIFO in the cascade. RXIIREN2 is likewise 
connected 
to the RXO (Read Expansion 
Output) output 
of that previous FIFO. A reset operation 
forces WXO/HF 
and RXO HIGH for each FIFO: consequently, 
all FIFOs 
with their WXIIWEN2 
and RXI/REN2 
inputs thus con- 
nected come 
up in one of the two cascaded 
grouping 
modes, 
according 
to whether 
their 
FURT 
inputs 
are 
grounded or tied HIGH. (See again Tables 2 and 6.) 


READ EXPANSION 
INPUT/READ 
ENABLE 
2 
(RXI/REN2) 


RXI/REN2 
is a dual-purpose 
signal. It is one of three 
input signals which select the grouping mode in which the 
FIFO operates 
after being reset; the other two of these 
input signals are FURT and WXI. There are four possible 
grouping modes: standalone, 
interlocked 
paralleled, cas- 
caded 'master' or 'first-load,' 
and cascaded 
'slave.' The 
designations 
'master' 
and 'slave' pertain to lOT-compat- 
ible depth cascading. 
Tables 2 and 6 show the signal 
encodings which select each grouping 
mode. 


In standalone 
operation, 
WXIIWEN2 
and RXI/REN2 


both must be grounded 
so that the FIFO comes up in the 
standalone 
grouping 
mode 
after a reset operation. 
In 
interlocked paralleled operation, 
WXIIWEN2 
is tied to FF 
of the other paralleled 
FIFO, and RXIIREN2 is tied to EF 
of that same other FIFO. This interconnection 
ensures 
that both FIFOs will operate together, and remain coordi- 
nated, regardless of timing skews. 


In cascaded operation, 
RXI/REN2 
is connected to the 
RXO (Read Expansion 
Output) of the previous 
FIFO in 
the cascade. 
WXIIWEN2 
is likewise 
connected 
to the 
WXO (Write Expansion Output; actually WXO/HF) output 
of that...e..r:eviousFIFO. A reset operation 
forces RXO and 
WXO/HF 
HIGH for each FIFO; consequently, 
all FIFOs 
with their 
RXIIREN2 
and WXIIWEN2 
inputs thus con- 
nected come up in one of the two lOT-compatible 
cas- 
caded grouping modes, according to whether their FURT 
inputs are grounded 
or tied HIGH. (See again Tables 2 
and 6.) 


Data Outputs 


DATA OUT (00 - 017) 


Oata, 
programmable-flag-offset 
values, 
and 
Com- 
mand-Register 
codes are output from the FIFO as 18-bit 
words on 00 - 017. Unused 
bit positions 
in offset and 
Command-Register 
words are zero-filled. 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


COMMAND 
VALUE AFTER 
FLAG 
REGISTER 
CODE 
RESET 
AFFECTED, 
DESCRIPTION 
NOTES 
BITS 
IF ANY 


00-05 
XXXXXX 
LLLLLH 
- 
Depth code d, from nOlO to 3210. 
Same functional~y as in 
IDT72215AJ25A. 


L 
LJH2 
-- 
Set by iRCLK, 
reset by iWCLK. 
Asynchronous 
flag clocking. 
06 
PAE 
H 
Set and reset by iRCLK. 
Synchronous flag clocking. 


LL 
Set by iWCLK, 
reset by iRCLK. 
Asynchronous 
flag clocking. 


07-08 
LH 
LLJHH 2 
HF 
Set and reset by iRCLK. 
Synchronous flag clocking at 
output port. 


HL 
Set and reset by iWCLK. 
Synchronous 
flag clocking at 


HH 
input port. 


L 
UH2 
-- 
Set by iWCLK, 
reset by iRCLK. 
Asynchronous 
flag clocking. 
09 
PAF 
H 
Set and reset by iWCLK. 
Synchronous 
flag clocking. 


- 
Allows the read-address pointer 


L 
OE has no effect on a read 
to advance even when 00- 
operation. 
017 are not driving the output 


10 
LJH2 
bus. 
- 
- 
Inhibits the read-address pointer 
OE inhib~s a read operation 
H 
whenever the data outputs 
fro m advancing when 00 - 017 
are not driving the output bus; 
00 - 017 are in the high-Z state. 
thus, guards against data loss. 


11 
L 
L 
Normal operating mode. 
For all in-system applications. 
- 
H 
Special test mode. 
Reserved for testing purposes. 


NOTES: 
1. When Command Register bits 06-11are LOW, 1I1eFIFObehaves in a manner functionallyequivalent to 1heIDT72215A125AFIFOof similar 
dep1l1and speed grade. 


2. 
If EMODE is not asserted (is HIGH), Command Registerbits 06-10 remain LOW. HOlM3ver,if EMODE is asserted (is LO~mand 
Regis- 
ler bits 06-10 are forced HIGH,and remain HIGHuntil changed. Command Registerbits 00-05 and 11are unaffected by EMODE. 


Table 6. Expansion-Pin Usage According to 
Grouping Mode 


I/O 
PIN 
STANDALONE 
INTERLOCKED 
MASTER 
SLAVE 
PARALLELED 


I 
WXliWEN2 
Grounded 
From FF (other FIFO) 
From WXO (n-1st FIFO) 
From WXO (n-1st FIFO) 
0 
WXOIHF 
Becomes HF 
Becomes HF 
To WXI (n+1st FIFO) 
To WXI (n+1st FIFO) 


I 
RXIJREN2 
Grounded 
From EF (other FIFO) 
From RXO (n-1st FIFO) 
From RXO (n-1st FIFO) 
0 
RXO 
Unused 
Unused 
To RXI (11+15tFIFO) 
To RXI (n+1st FIFO) 


I 
FURT 
Becomes RT 
Becomes 
RT 
Grounded (Logic LOW) 
Logic HIGH 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


Control/Status 
Outputs 


FULL FLAG 
(FF) 


FF goes LOW whenever 
the FIFO is completely 
full; 
that is, whenever 
the FIFO's 
internal 
wr~e pointer 
has 
co/lllietely 
caught up with its internal read pointer, so that 
if another 
word 
were 
to be written 
~ would 
have 
to 
overwrite the unread word now in position for reading out 
by the next requested 
read operation. 
Under these con- 
d~ions, the FIFO is filled to its nominal capacity, which is 
512 18-b~ words for the LH540215 
or 1024 18-bit words 
forthe LH540225 
respectively. Write operations are inhib- 


ited whenever 
FF is LOW, regardless of the assertion or 
deassertion 
of Write Enable (WEN). 


If the FIFO has been reset by asserting RS (LOW), FF 
initially is HIGH. But, whenever 
no read operations 
have 
been ~rformed 
since the completion 
of the reset opera- 
tion, 
FF goes 
LOW after 512 wr~e operations 
for the 
LH540215, 
or 
after 
1024 
write 
operations 
for 
the 
LH540225. 
(See Table 4.) 


FF gets updated after a LOW-te-HIGH 
transition olthe 
Write Clock (WCLK). 


PROGRAMMABLE 
ALMOST-FULL 
FLAG (PAF) 


PAF goes LOW whenever 
the FIFO is 'almost' full; 
that 
is, whenever 
subtracting 
the value 
of the 
FIFO's 
intemal 
read pointer from the value of its intemal write 
pointer yields a difference which is less than the value of 
the Programmable-Almost-Full-Flag 
Offset 'p.' The sub- 
traction 
is performed 
using modular 
arithmetic, 
modulo 
the total nominal 
number of 18-b~ words in the FIFO's 
physical memory, which is 512 for the LH540215 or 1024 
for the LH540225 
respectively. 


The default value of 'p' after the completion 
of a reset 
operation 
is about 1/8 of this total nominal 
number 
of 
words: 
63 for the LH540215 
or 127 for the LH540225 
respectively. 
However, 'p' may be set to any value which 
does not exceed this total nominal number of words, as 
explained 
in the description 
of Load (LO). 


lithe FIFO has been reset by asserting RS (LOW), and 
no read 
operations 
have 
been 
performed 
since 
the 
completion 
of the reset operation, 
PAF goes LOW after 
(512-p) 
write 
operations 
for the 
LH540215, 
or after 
(1024-p) 
write 
operations 
for 
the 
LH540225. 
(See 
Table 4.) 


If p is still at its default value, PAF is LOW whenever 
the FIFO is from 7/8 full to completely 
full. 


In the IOT-compatible 
Default Operating 
Mode, PAF 
changes 
from HIGH to LOW only after a LOW-to-HIGH 
trans~ion 
of the Write Clock WCLK, 
and from LOW to 
HIGH only after a LOW-to-HIGH 
transition 
of the Read 
Clock F~CLK.Thus, in this operating 
mode, PAF behaves 
as an 'asynchronous 
flag.' 


In the optional Enhanced Operating Mode, on the other 
hand, f>AF gets updated only after a LOW-to-HIGH 
tran- 
sition of the Write Clock WCLK, and thus behaves 
as a 


'synchronous 
flag.' (See Table 5.) This behavior 
may be 
selected by setting Command 
Register bit 09. 


WRI~...E.XPANSION 
OUTIHALF-FULL 
FLAG 
(WXO/HF) 


WX()/HF 
is a dual-purpose 
signal. In 'standalone' 
op- 
eration, ~behaves as a Half-Full Flag (HF), in accordance 
w~h Table 4. In IOT-CO/lllatible 
'cascad~eration, 
it 
behaves 
as a Write Expansion 
Output 
(WXO) signal to 
coordinate 
wr~ing operations 
with the next FIFO in the 
cascade. 
Under these same conditions, 
also, the dual- 
purpose 
WXIIWEN2 
and RXIIREN2 
inputs 
behave 
as 
Write Expansion 
Input (WXI) and Read Expansion 
Input 
(RXI) signals respectively. 


When two or more LH540215 or LH540225 
FIFOs are 


'cascaded' 
to operate 
as a larger 'effective 
FIFO,' in an 
lOT-style 
'daisy-chain' 
ring configuration, 
the Write Ex- 
pansion Input (WXI) of each FIFO is connected 
to WXO 
olthe previous FIFO in the ring, with WXI olthe 
'first-load' 
or 'master' FIFO being connected to WXO olthe last FIFO 
so as to complete the ring. Similar connections 
are made 
for each FIFO in the ring, parallel to these WXO-to-WXI 
connections, 
for Read Expansion 
Input (RXI) and Read 
Expansion Output (RXO). 


When the last physical 
location has been wr~en 
in a 
FIFO operating in cascaded mode, a LOW-going 
pulse is 
em~ed by that FIFO on its WXO output; otherwise, WXO 
remains. constantly HIGH whenever the FIFO is operating 
in cascaded 
mode. This LOW-going 
WXO pulse serves 
as a 'token' 
in the 
'token-passing' 
FIFO-eascading 
scheme; it is passed on to the next FIFO in the ring via its 
WXI input. When this next FIFO receives the token, it is 
activated for writing. 


The foregoing description applies both to the 'first-load' 
or 'master' 
FIFO in the ring, and to any and all 'slave' 


FIFOs 
in the 
ring. However, 
WXO 
has no necessary 
function 
for FIFOs operating 
in the 'standalone' 
mode. 
Consequently, 
in that mode, the same output pin is used 
for HF; ~follows that HF is not available as an output from 
any FIFO which is operating 
in the lOT-compatible 
cas- 
caded mode. A FIFO is initialized into 'cascaded 
master' 


mode, into 'cascaded slave' mode, into interlocked paral- 
leled mode, or into standalone 
mode according 
to the 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cant'd) 


state of its WXIIWEN2, 
RXI/REN2, 
and FURT 
control 
inputs during 
a reset operation, 
and of EMODE. 
(See 
Table 2, Table 5, and Table 6.) 


In standalone 
or interlocked 
paralleled 
operation, 
HF 
goes LOW whenever 
the FIFO is more than half full; that 
is, whenever 
subtracting 
the value of the FIFO's internal 
read pointer from the value of its internal write pointer 
yields 
a difference 
which 
is less than 
half of the total 
nominal 
number 
of 18-bit words in the FIFO's physical 
merrory. 
which is 256 for the LH540215 
or 512 for the 
LH540225 
respectively. 
(See Table 4.) The subtraction 
is 
performed 
using 
modular 
arithmetic, 
modulo 
this total 
nominal number of words, which is 512 for the LH540215 
or 1024 for the LH540225 
respectively. 


Iflhe FIFO has been reset by asserting RS (LOW), and 
it is operating 
in standalone 
or interlocked 
paralleled 
mode, 
and 
no read operations 
have 
been performed 
since the completion of the reset operation, HF goes LOW 
after 257 write operations 
for the LH540215, or after 513 
write operations 
for the LH540225. 
(See again Table 4.) 


In the 
IDT-eompatible 
Default 
Operating 
Mode, 
HF 
changes 
from HIGH to LOW only after a LOW-to-HIGH 
transition 
of the Write Clock WCLK, 
and from LOW to 
HIGH only after a LOW-to-HIGH 
transition 
of the Read 
Clock ACLK. Thus, in this operating 
mode, HF behaves 
as an 'asynchronous 
flag.' 


In the optional Enhanced Operating Mode, on the other 
hand, HF gets updated only after a LOW-to-HIGH 
transi- 
tion of the Read Clock 
RCLK, or else after a LOW-to- 
HIGH transition 
of the Write Clock WCLK, 
according 
to 
the setting of bits 07 and 08 of the Command 
Register. 
(See Table 5.) Thus, 
in this mode 
HF behaves 
as a 
'synchronous 
flag,' and may be synchronized 
either to 
the input side of the FIFO (Le., to WCLK), or to the output 
side of the FIFO (Le., to RCLK). 


PROGRAMMABLE 
ALMOST-EMPTY 
FLAG 
(PAE) 


PAE goes LOW whenever the FIFO is 'almost empty'; 
that 
is. whenever 
subtracting 
the value 
of the 
FIFO's 
internal write pointer from the value of its internal read 
pointer yields a difference which is less than q + 1, where 
'q' is the value of the Programmable-Almost-Empty-Flag 
Offset. The subtraction 
is performed using modular arith- 
metic, modulo the total nominal number of 18-bit words 
in the 
FIFO's 
physical 
memory, 
which 
is 512 for the 
LH540215 
or 1024 for the LH540225 
respectively. 


The default value of q after the completion 
of a reset 
operation 
is about 
1/8 of this total nominal 
number 
of 
words, 
63 for the LH540215 
or 127 for the LH540225 
respectively. 
However, q may be set to any value which 


does not exceed this total nominal number of words, as 
explained 
in the description 
of Load (LD). 


Iflhe FIFO has been reset by asserting AS (LOW), and 
no write operations 
have been performed 
since the com- 
pletion of the reset operation, 
then PAE is LOW. (See 
Table 4.) 


If q is still at its default value, PAE is LOW whenever 
the FIFO is from 1/8 full to completely 
empty. 


In the lOT-compatible 
Default Operating 
Mode. PAE 
changes 
from HIGH to LOW only after a LOW-ta-HIGH 
transition 
of the Read Clock 
RCLK, and from LOW to 
HIGH only after a LOW-ta-HIGH 
transition 
of the Write 
Clock WCLK. Thus. in this operating mode, PAE behaves 
as an 'asynchronous 
flag.' 


In the optional Enhanced Operating Mode, on the other 
hand, PAE gets updated only after a LOW-to-HIGH 
tran- 
sition of the Read Clock ACLK, and thus behaves 
as a 
'synchronous 
flag.' (See Table 5.) This behavior 
may be 
selected by setting Command 
Register bit 06. 


EMPTY 
FLAG (EF) 


EF goes 
LOW 
whenever 
the 
FIFO 
is completely 
empty; that is, whenever the FIFO's internal read pointer 
has completely 
caught 
up with its internal write pointer, 
so that if another word were to be read out it would have 
to come from the physical 
merrory 
location now in posi- 
tion to be written into by the next requested write opera- 
tion. Aead operations are inhibited whenever 
EF is LOW, 
regardless of the assertion or deassertion 
of REN. 


Iflhe FIFO has been reset by asserting RS (LOW), and 
no write 
operations 
have 
been 
performed 
since 
the 
completion 
of the reset operation, then EF is LOW. (See 
Table 4.) 


EF gets updated after a LOW-ta-HIGH 
transition of the 
Read Clock RCLK. 


READ EXPANSION 
OUT (RXO) 


When two or more LH540215 or LH540225 
FIFOs are 
operating 
in lOT-compatible 
'cascaded' 
mode as a larger 
'effective 
FIFO,' 
the 
dual-purpose 
RXIIREN2 
and 
WXIIWEN2 
inputs 
behave 
as 
Read 
Expansion 
Input 
(RXI) and Write Expansion 
Input (WXI) signals respec- 
tively. An lOT-style cascade of these FIFO devices has a 
'daisy-chain' 
ring confIQuration; the Aead Expansion 
In- 
put (AXI) 
of each 
FIFO 
is connected 
to RXO of the 
previous 
FIFO in the ring, with RXI of the 'first-load' 
or 
'master' 
FIFO being connected 
to RXO of the last FIFO 
so as to complete the ring. Similar connections 
are made 
for each FIFO in the ring, parallel to these AXC-ta-RXI 
connections, 
for Write Expansion 
Input (WXI) and Write 
Expansion Output (WXO). 


DESCRIPTION OF SIGNALS AND 
OPERATING SEQUENCES (cont'd) 


When the last physical 
location has been read in a 
FIFO operating 
in IDT-style cascaded 
mode, a LOW-go- 


ing pulse 
is emitted 
by that 
FIFO on ns RXO output; 
otherwise, 
RXO remains constantly 
HIGH. This LOW-go- 


ing RXO pulse seNes as a 'token' in the token-passing 
FIFO-cascading 
scheme; it is passed on tothe next FIFO 
in the ring via its RXI input. When this next FIFO receives 
the token, it is activated for reading. 


After a FIFO emits an RXO pulse, ns data outputs go 
into high-Z state, regardless 
of the assertion or deasser- 
tion of its Output Enable (OE) control input, until it again 
receives the token. 


The foregoing description applies both to the 'first-load' 


or 'master' 
FIFO in the ring, and to any and all 'slave' 


FIFOs 
in the 
ring. However, 
RXO 
has no necessary 
function 
for a FIFO which 
is operating 
in 'standalone' 


mode. 
Consequently, 
in that mode, 
RXO is never as- 
serted, and remains constantly HIGH. A FIFO is initialized 
into 'standalone' 
mode, into 'cascaded 
master' mode, or 
into 'cascaded 
slave' mode according 
to the state of its 
WXIIWEN2, 
RXI/REN2, 
and FURT control inputs during 
a reset operation. 
It also may be forced into interlocked 
parallelE.'C.lmode by EMODE. 
(See Table 2, Table 5, and 
Table 6.) 


RESET (RS) 


ENHANCED 
MODE (EMODE) 


WRITE CLOCK (WCLK) 


WRITE ENABLE (WEN) 


LOAD (LD) 


DATA IN (Do·Dd 


FULL FLAG (FF) 


PROGRAMMABLE 
ALMOST-EMPTY 
FLAG (PAE) 


HALF-FULL FLAG (WXO/HF) 


DATA OUT (00 
- 017) 


EMPTY FLAG (EF) 


PROGRAMMABLE 
ALMOST-FULL FLAG (PAF) 


READ CLOCK (RCLK) 


READ ENABLE (REN) 


OUTPUT ENABLE (OE) 


WRITE EXPANSION IN (WXIIWEN2) 
READ EXPANSION IN (RXI/REN2) 


Figure 
5. Standalone 
FIFO 
(512 x 18/1024 x 18) 


RESET 
(RS) 


ENHANCED 
MODE 
(EMODE) 


RESET 
(RS) 


ENHANCED 
MODE 
(EMODE) 


WRITE 
CLOCK 
(WCLK) 


WRITE 
ENABLE 
(WEN) 


LOAD ([5) 


FULL FLAG (ff) 


PROGRAMMABLE 
_ 
ALMOST-EMPTY 
FLAG (PAE) 


HALF-FULL 
FLAG (WXOMF) 


READ 
ENABLE 
(REN) 


OUTPUT 
ENABLE 
(OE) 


- 
EMPTY 
FLAG (EF) 


LH540215/25 
PROGRAMMABLE 


- 
ALMOST-FULL 
FLAG (PAF) 


FIRST 
LOAD 
(FURT) 


WRITE 
EXPANSION 
IN (WXIIWEN2) 


READ 
EXPANSION 
IN (RXIIREN,) 


Figure 6. FIFO Word-Width 
E)cpansion 
(512 x 36/1024 x 36) 


NOTES: 


1. After reset, the outputs 
will be LOW il OE = LOW, and in a high-impedance 
stale 
il OE = HIGH. 


2. The docks 
(RCLK, 
WCLK) 
may be Iree-running 
during 
a reset operation. 


NO OPERATION 
~ 


'~ 


NOTE: 


1. tSKEWl II the minimum 
time Q!...IWeena rising RCLK edge 
and a rising WCLK edge for FF to change 
during the current 
clock cycle. 
"the 
time between 
the rising edge of RCLK and 
the rising edge of~CLK 
is less than tSKEWI. then it is not 
guaranteed 
that FF will change 
state until the next WCLK edge. 


Figure 10. Latency for the First Data Word After a 
Reset Operation, With Simultaneous Read and Write 
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Figure 15. Programmable-Almost-Empty 
Flag Timing, 
Default Mode 


Figure 16. Programmable-Almost-Empty 
Flag Timing, 
Enhanced Mode 


--~-- 


NOTES: 
1. 
PAF offset _ p. 
Number 
of data 
words 
written 
into FIFO 
already 
_ 511 - P farlhe 
Ui540215 
ard 
1023 
- P for the LH540225. 
2. 512 - P words in FIFO for lH540215. 
1024 - P word in FIFO for lH540225. 
3. 511 - P words in FIFO for lH540215. 
1023· 
P word in FIFO for lH540225. 


Figure 17. Programmable Almost-Full-Flag Timing, 
Default Mode 


NOTES: 
1. PAF offset == p. Number of data words written into FIFO already = 511 - P for the U-l540215 and 1023 - Pfor the LH540225. 
2. 512- Pwords in FIFO for LH540215. 
1024 - Pword in FIFO for LH540225. 


3. 511 - Pwords in FIFO for lH540215. 
1023 - Pword in FIFO for lH540225. 


Figure 18. Programmable-Almost-Full-Flag 
Timing, 
Enhanced Mode 


---~-- 


Figure 20. Half-Full-Flag Timing, Enhanced Mode, 
Synchronized to Input Port 


Figure 21. Half-Full-Flag Timing, Enllanced Mode, 
Synchronized to Output Port 


NOTE: 
1. Write to last physical location. 


LH540215/25 
Device Type 
U 
Package 
-## 


speyed 
15 


~~ 
Cycle Times (ns) 


50 


LH543620 


• 
Fast Cycle Times: 
20/25130 ns 


• 
Selectable 
36/1819-Bit Word Width on Both Input 
Port and Output Port 


• 
'Synchronous' 
Enable-Plus-Clock 
Control at 
Both Ports 


• 
Independently-Synchronized 
Operation of 
Input Port and Output Port 


• 
Pinout Similar to LH5420 256 x 36 x 2 
Bidirectional 
FIFO 


• 
Most Control Input Signals are Synchronous, 
and 
are Assertive-LOW 
for Noise Immunity 


• 
High-Drive 
Three-State 
Outputs 


• 
Device Comes 
Up Into Known Default State at 
Reset; Programming 
is Allowed, but is not Required 


• 
Five Status Flags: 
Full, Almost-Full, 
Half-Full, 


Almost-Empty, 
and El'TlJty; 'Almost' Flags are 
Programmable 


• 
All Five Status Rags are Completely 
Synchronous 


• 
Duplicate 
Enables for Interlocked 
Paralleled 
FIFO 
Operation, 
for 72-Bit Data Width 


• 
Data-Bypass 
Mode, Available at Any Time 


• 
Mailbox Facility 


• 
Automatic 
Byte Parity Checking; 
Also Byte Parity 
Generation, 
When Enabled 


• 
Byte-Order-Reversal 
Facility 


• 
'Smart-Retransmit' 
Capability 


• 
TTUCMOS-Col'TlJatible 
I/O 


• 
IEEE1149.1-Compliant 
(JTAG) Boundary-Scan 
Test Logic 


• 
Space-Saving 
PQFP Package 


FUNCTIONAL DESCRIPTION 


The LH543620 
is a FIFO (Rrst-In, 
First-Out) 
memory 
device, 
based 
on fully-static 
CMOS 
RAM technology, 
capable 
of containing 
up to 1024 36-bit words. 
It can 
replace four or more byte-wide 
FIFOs in many applica- 
tions, 
for 
microprocessor-to-microprocessor 
or micro- 


processor-to-bus 
communication. 
Its 
architecture 
supports synchronous 
operation, tied to two independent 
free-running 
clocks at the input and output ports respec- 
tively. 
However, 
these 
'clocks' 
also may be aperiodic, 
asynchronous 
'demand' 
signals. Almost all control input 


signals 
and status output 
signals 
are synchronized 
to 
these clocks, to simplify system design. 


The input port and the output port operate altogether 
independently 
of each other, unless the FIFO becomes 
either totally full or else totally el'TlJty. Data flow is initiated 
at a port by the rising edge of its corresponding 
clock, and 
is gated by the appropriate edge-sampled 
enable signals. 


The fc>lIowing FIFO status flags monitor the extent to 
which the intemal memory 
has been filled: Full, Almost- 
Full, Half-Full, Almost-Empty, 
and Empty. The Almost-Full 
and Almost-El'TlJty flags are programmable 
over the en- 
tire FIFO depth; but they each are initialized to a default 
offset of eight locations 
from the respective 
boundaries 
during a reset operation. 
If this default offset is satisfac- 
tory, no further programming 
is required. 


Both the input port and the output 
port may be set. 


independently, 
to operate at three data-word 
widths: 36 
bits, 18 bits, and 9 bits. This setting 
may be changed 
during system operation; however, the word-width-eontrol 
signals 
must meet the usual setup-time 
and hold-time 
conditions 
for control inputs. 
Nine-bit bytes passing through the FIFO are assumed 
to be making use of a parity bit, and parity is automatically 
passively 
checked. 
A flag indicates 
the results of this 
parity checking; if parity checking is not desired, the value 
of this flag may be ignored. When the FIFO is reset, the 
parity-checking 
logic is initialized to use odd data parity; 


but the FIFO may be programmed 
to use either even 
parity or odd parity during subsequent 
operations. 
Also, 


the FIFO may be programmed 
to actively generate, 
and 
record, a parity bit into the most-significant 
bit of each 9-bit 
byte of data passing through the intemal memory array, 
overwriting 
the previous contents of those bits. 
Coordinated 
operation 
of two paralleled 
LH543620 
FIFOs, as one 1K x 72 FIFQ...may be ensured by 'inter- 
locked' crosscoupling 
ofthe FF and EF outputs from each 
FIFO to one of the assertive-HIGH 
enab~nputs 
of the 
other one; for instance, 
FF to ENI2, and EF to EN02. in 
both 
directions 
between 
two 
paralleled 
LH543620s. 
(Note: FF m~ 
be interpreted 
as assertive-HIGH 
'Input 
Ready,' and EF likewise may be interpreted 
as assertive- 
HIGH 'Output Ready.') 
The LH543620 
has a data-bypass 
mode, which di- 
rectly connects the output port to the input port so that the 
LH543620 behaves like a 36-bit three-state-output 
buffer. 


Also, a mailbox facility is provided 
from the input port to 
the output 
port, to support 
using two LH543620s 
con- 
nected 'back-to-back' 
as a 1024 x 36 
x 
2 bidirectional 
FIFO. 
The LH!)43620 can reverse the order of the four nine- 
bit bytes of each 36-bit data word passing through it, thus 
accol'TlJlishing 'Big Endian' H 'Little-Endian' 
conversion. 
The LH543620's 
'smart-retransmit' 
capability supports 
use of the FIFO in data-communications 
applications, 


and also as a working 
memory in digital-signal-process- 
ing systems. 
The 
LH543620's 
intemal-meroory 
read 
pointer can be reset to point to any arbitrary 
location in 
the memory, not just to physical location zero. 
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LH5420 


INTRODUCTION 


The Sharp 
LH5420 
256 x 36 x 2 CMOS 
Bidirectional 
FIFO 
is an innovative 
device 
which 
turns the difficult 
task 
of funneling 
and defunneling 
different-size 
data- 
buses into an easy one-component 
solution. 
Funneling 
refers to a situation 
where 
data from a larger databus 
(eg. 32-bits wide, 36-bits with parity) mustbe 
segmented 
(usually 
in increments 
of 8-bits, 
9-bits with parity) 
and 
transferred 
to a smaller databus 
(eg. 8-bits wide, 9-bits 
with 
parity). 
The 
funneling 
options 
available 
on the 
LH5420 
are '36-bits 
to 9-bits' 
and '36-bits 
to 18-bits.' 


Defunneling 
refers to just the opposite 
of funneling. 
To 
defunnel, 
data from a smaller databus 
(eg. 8-bits wide, 


9-bits with parity) is combined 
together sequentially 
with 
other data from that databus, 
and transferred 
in parallel 
to a larger databus 
(eg. 32-bit wide, 36-bit with parity). 
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The defunneling 
options 
available 
are '9-bits to 36-bits' 


and '18-bits 
to 36-bits.' 
For wide word applications 
on 
both ports, '36-bit to 36-bit' buffering 
is also available. 


A very important 
feature of the LH5420 
is the ability to 
operate 
bidirectionally. 
The term Bidirectional 
refers to 
the 
LH5420s 
ability 
to funnel 
and defunnel 
between 
different sized databuses, 
allowing data to travel in both 
directions. 
Bidirectional 
operation 
is also available when 
the full width of both ports are used (eg. 36-bit to 36-bit 
buffering). 


The 
advantages 
of the LH5420 
bidirectional 
FIFO to 
the system designer 
are: elimination 
of several conven- 
tional 
FIFOs 
and 
glue 
logic; 
significant 
reduction 
of 
board space; elimination 
of the complexities 
of handling 
bus conte,tion; 
and improved system performance. 
But, 


most importantly, 
it makes databus 
funneling 
easy. 
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CONVENTIONAL 
DATABUS FUNNELING 
SOLUTIONS CAN BE AWKWARD 


The rapid transfer 
of information 
between 
a databus 
of 
one size to a databus 
of a different 
size (funneling 
or 
defunneling) 
seems 
like a simple 
enough 
operation, 
when viewed 
on paper 
in block diagram 
form; but the 
block diagram 
must be transformed 
into a high-speed 
circuit 
design. 
Conventional 
solutions 
require 
many 
components, 
and considerable 
board area. Further, the 
timing 
required 
for reading, 
writing, 
and flag detection 


for multiple 
parts in parallel, 
places a heavy burden on 
reliable 
high speed 
operation. 


CONVENTIONAL 
FUNNELING CIRCUIT 
DESIGN 


Figure 
2 shows 
a bus-funneling 
circuit designed 
using 
conventional 
components. 
Figure 2a is an example 
of 
the timing required to use the circuit in Figure 2. Figure 3 
shows the circuit which 
must accompany 
Figure 2 if the 
circuit were expected 
to operate 
bidirectionally 
(funnel 
and defunnel). 
Figure 
3a is an example 
of the timing 
required 
to use the circuit 
in Figure 3. An obvious 
dis- 
advantage 
of this conventional 
funneling 
circuit 
is the 
number 
of components 
required. 
One "Programmable 
Logic Device" 
(PLD) and four standard 
256 x 9 FIFOs 


are required 
for one-way 
funneling. 
If bidirectional 
op- 
eration 
(funneling 
and defunneling) 
is important, 
two 
PLD's and eight 256 x 9 FIFOs are required. 
The com- 
bination 
of all these components 
results in very restric- 
tive data setup 
(tos) 
and 
hold (tOH) timings 
during 
a 
Write cycle, 
and restrictive 
access 
timings 
(tA) due to 
the risk of databus 
contention 
during 
a Read cycle. 
In 
many cases, high speed 
operation 
would be out of the 
question. 
Tight controls on signal noise and signal skew 
might also be required to keep the four FIFOs synchro- 
nized. After 
all this, the circuit 
designer 
would 
do just 
about 
anything 
for a single-chip 
solution. 
Setup 
and 
Hold times for a single asynchronous 
256 x 9 FIFO are 
typically 
10 ns and 0 ns respectively 
for access 
times 
of 20 ns. Because 
this defunneling 
circuit 
is a combi- 


nation 
of separate 
components 
(see Figure 
3), setup 
and hold times would have to be increased 
significantly 
to ensure 
correct 
synchronization 
due to signal propa- 
gation 
delays 
of the 
control 
signals 
and 
data. 
In a 
conventional 
defunneling 
circuit, there could be as many 
as four 9-bit words 
waiting 
to be written 
sequentially 
into four different 
FIFOs. 
Each of the four 9-bit words 
requires 
its own setup 
(tos) 
and hold (tOH) time 
(see 
Figure 
:la). These 
restrictions 
will limit the maximum 
defunneling 
frequency 
of this circuit. 
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Databus 
contention 
is a common 
problem 
experienced 
when combining 
two or more output pins from different 
devices 
in parallel, 
on the same databus 
(see Figure 2). 


If during 
a Read cycle, 
at least two of the output pins 
happen to be momentarily 
on at the same time, the two 
output drivers 
potentially 
could fight against each other 
driving the data bus to opposite 
logic states (one driver 
pulling the bus to OV, while the other driver is simulta- 
neously 
pulling 
the 
bus to 5 V). Databus 
contention 
degrades 
system 
performance 
and increases 
the sys- 


tem operating 
current. 


Another significant 
disadvantage 
with using the conven- 
tional 
component 
solution 
is handling 
the flags. 
Each 
256 x 9 FIFO has 3 types of flags which 
can be used 
in the application 
to indicate 
the current 
FIFO status 
(Empty, 
Full, or Half Full). 
Most designers 
use a flag 
from 
only 
one 
of the 
four 
FIFOs. 
This 
flag-handling 
technique 
has a significant 
disadvantage. 
When a flag 
from only one of the four 9-bit wide 
FIFOs 
is used to 
represent 
the 
entire 
36-bit 
word, 
there 
is no way 
to 
insure that the other three FIFO flags are synchronized 
(empty, full, or half full at the same time) with the first. 
There 
is the possibility 
that one, two, or all three of the 
other FIFOs may have become 
unsynchronized 
(due to 


signal 
noise, excessive 
signal skew, etc.) and are now 
contributing 
incorrect 
data to the 36-bit word. 


SHARP's Single Chip Solution to the 
Complexities of Funneling 


The 
LH5420 
CMOS 
Bidirectional 
FIFO was designed 
specifically 
to simplify 
the handling 
of wide-word 
(up to 
36-bits) 
data 
buffering. 
The 
notable 
features 
of this 
device 
relating 
to data bus funneling 
are: 


• 
Selectable 
36/18/9-bil 
Word Width 
on Port B 


• 
Two 256 x 36-bit FIFO Buffers for Bidirectional 
Operation 


• 
Synchronous 
operation 
on both Ports A and B 


• 
Fully Asynchronous 
Communications 
between 
Port A and Port B 


• 
Only One Set of Flags for the Entire 36-bil 
Wide 
Word 


• 
Capable 
of 40 MHz operation 


The LH5420 
provides 
an easy one chip solution 
to the 
problems 
associated 
with funneling 
one size databus 
to a different 
size databus 
(see Figure 3). The LH5420 
also provides 
a simple 
method 
of buffering 
wide word 
databusses 
up to 36 bits wide on each port. There are 
two ports on the LH5420, 
Port A and Port B. A Port is 
defined 
as an interface 
between 
the outside 
databus 
and the internal 
FIFO memory. 
Each port can be used 
as an input or an output depending 
on which direction 
the data will travel. 
The 
LH5420 
allows 
Port B to be 
selectable 
in word widths 
from 36, 18 or 9 bits wide, 
while 
Port A is fixed at 36-bits 
wide. 


Two separate 
256 x 36-bit 
FIFO buffers work side-by- 
side to move data in opposite 
directions. 
This is what 
enables 
the LH5420 
to operate 
bidirectionally. 
As an 
example, 
a 36-bit databus and a 9-bit databus can send 
and 
receive 
data 
back 
and 
forth, 
giving 
unrestricted 
communication 
privileges 
between 
an 8-bit microcon- 
troller 
and 
a 32-bit 
microprocessor. 
Clock-frequency 
differences 
between 
the two busses 
are not an issue. 
Even 
though 
the individual 
ports 
are synchronous 
in 


nature, 
each port is controlled 
from 
separate 
system 
clocks 
(CKA 
and 
CKB). 
Each 
port 
operates 
inde- 
pendently 
from the other, so that port-to-port 
commu- 
nication 
occurs asynchronously. 


The LH5420 
has five different 
types of flags available: 


Full Flag (FF), 
Empty 
Flag (EF), 
Half Full Flag (HF), 
Almost 
Full Flag (AF), and Almost 
Empty 
Flag (AE). 
The Almost 
Empty and Almost 
Full Flags are program- 
mable. 
One set of these 
flags 
are available 
for each 
256 x 36 FIFO buffer, to cover the status of data going 
in either 
direction. 
The 
low skew 
inherent 
in a single 
monolithic 
solution eliminates 
the risk that desynchroni- 
zation will occur within the 36-bit wide word in the FIFO. 
Further 
protection 
is afforded 
because 
the flags cover 
the full 36-bit 
word 
width 
and not just the 9 bits that 
were 
sed in the conventional 
funneling 
design 
men- 
tioned 
above. 
The 
problems 
of designing 
a system 
aroun 
restrictive 
read and write timing constraints 
are 
no longer 
an issue, 
because 
the complexities 
of fun- 
neling timing synchronization 
are handled automatically 
within the LH5420 
bidirectional 
FIFO. 


t 
i 


STATUS FLAGS 


Wo a 
'oW 
- 
PLD 
~~ 
'" 
FF ~ 
- 
Xj:jf 
~ 
9, 
:8 
9, 
- 
do 
N 
Q 
- 
w, a " 
u. 
u: 
'"x 
~ 
:8 
9 
d, 
N 
Q 


W2 a 
'2 
u. 
u: 
'"x 
~ 
:8 
Q 
9 
d2 
N 


W3 a 
[3 
u. 


I 
u: 
'" 
I 
x 
9 
CD 
9, 
I 
d3 '"N 
Q 
> 
• 


WRITECYCLE 
READCYCLE 
. 


R 


W 


wD 


W, 


w2 


W3 


'os 


-< DATAour VA;:;;-)>-------- 


ClK--------- 


SHARP lH5420 
256x36x2 
BIDIRECTIONAL 
FIFO 


D/ODB - D/035B 


(Programmable 9,18, 3o-BITS) 
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Bidirectional 
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SUMMARY 


The SHARP LH5420 bidirectional 
FIFO provides many 
benefits to a system designer working on applications 
which 
use wide word 
databusses 
(36 bits wide), 
or 
applications 
which 
require funneling 
and defunneling 
between 
databusses 
of different 
widths 
(eg. 8·bit to 


32-bit, 18-bit to 36-bit, etc.). In comparison 
with con- 
ventional databus funneling methods, the LH5420 sim- 
plifies 
your 
circuit 
design, 
allows 
faster 
operating 
speeds, 
uses less board space, 
reduces 
component 
count, and provides bidirectional 
funneling with no ad- 
ditional circuitry. But best of all, it is easy to use. 


A ONE-CHIP TWO-WAY STREET FOR MICROPROCESSOR 
COMMUNICATIONS: 
THE SHARP lH5420 36-BIT BIDIRECTIONAL FIFO * 


Chuck Hastings 
Marketing/Applications Manager, FIFO and Specialty Memories 


Sharp Microelectronics Technology, Inc. 
5700 N. W. Pacific Rim Boulevard 
Camas, WA 98607 
206/834-8615 


New integrated circuits often evolve as single- 
chip embodiments of groups of lower-complex- 
ity parts. 
When 
the same 
multiple-device 
configuration 
starts turning up in many new 
designs, a semiconductor 
manufacturer may 
get inspired to develop a one-chip-does-all re- 
placement just by listening to its customers. 
Bidirectional FIFOs, wide enough to hold an 
entire word of data, are one such frequently-oc- 
curring combination. Perhaps one out of every 
five system applications for FIFOs fits this de- 
scription. Usually, the role of a bidirectional 
FIFO is to provide convenient two-way commu- 
nication between two processors or microproc- 
essors. 


In the past, an effective bidirectional FIFO for 
communication 
back and forth between two 
32-bit-processors 
has needed to consist of at 
least eight industry-standard 
byte-wide unidi- 
rectional 
FIFO devices, 
arranged 
into two 
'back-to-back' 
ranks of four paralleled FIFOs 
each. When parity checking is implemented, 
the data path between processors becomes 
36-bit. Sometimes only one of the two proces- 
sors is 32-bit, and the other one is 16-bit or 8-bit. 
In this event, 
even more devices 
must be 
added, to implement multiplexing, demultiplex- 
ing, and control functions at the narrower end 
of the bidirectional data path. 


The LH5420 256 x 36 x 2 bidirectional FIFO, 
now available from Sharp, is a 'one-chip-does- 
all' solution to such system requirements for 


two-way interprocessor 
communication. 
One 
LH5420 can provide either a convenient fully- 
parallel two-way connection from one 36-bit bus 
to another such bus, or it can provide a two-way 
'funneling/defunneling' connection from a 36-bit 
bus to an 18-bit bus, or to a 9-bit bus. Thus, the 
LH5420 supports all of the usual microproces- 
sor word widths, and accommodates the extra 
bit per byte for parity or marker-bit usage. It 
operate s at up to 40 MHz, and is available either 
in a 120-pin PGA package or in a 132-pin PQFP 
package. 


LH5420 ARCHITECTURE 
AND OPERATION 


The LH5420 includes several enhancements, 
aimed at making a system designer's life easier. 
The LH5420 itself can check the parity of all 
bytes passing through it in either direction. And 
it features programmable 
almost-full and al- 
most-empty flags, retransmission capability in 
either direction, 'mailbox' capability in either 
direction, a limited form of transceiver-mode 
oper-ation, 
and a synchronous 
request/ac- 
knowledge capability which is useful in burst- 
mode communications. 


Conceptually, an LH5420 is organized as two 
36-bit-wide bidirectional ports, Port A and Port 
B. Two full-width 256-word FIFOs, FIFO # 1and 
FIFO # 2, are connected between the two ports, 
one transmitting in each direction. (See Figure 
1.) TherE!are also two full-width one-word mail- 
boxes between the two ports, one likewise 
transmitting in each direction. And there is a 


full-width bidirectional data bypass path, which 
functions during a reset operation. Two asyn- 
chronous control inputs set the data width of 
Port B at 36 bits, at 18 bits, or at 9 bits. 


Each port has its own clock input. In typical 
applications, a port's clock input is connected 
to a periodic free-running clock signal, which 
mayor 
may not be derived from the same 
frequency source as the other port's clock input. 
Each port also has three control inputs which 
are sampled at the rising edge (LOW-to-HIGH 
transition) of its clock: readlwrite, enable, and 
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request. Each port also has an 'Acknowledge' 
output which is synchronized 
to its clock, a 
parity flag output, and asynchronous 
control 
inputs for initiating data re-transmission and for 
enabling/disabling its data outputs. 


FIFO # 1 and FIFO # 2 each have five status 
flags to indicate relative fullness: Full, Almost- 
Full, Half-Full, Almost-Empty, and Empty. The 
Full, Half-Full, and Empty flags are hard-wired 
to signal exactly what their names indicate. But 
there are programmable 'offsets' controlling the 
operation of the Almost-Full and Almost-Empty 
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flags, to numerically define the boundaries of 
the 'Almost-Full' region and the 'Almost-Empty' 
region. These offset values are both initialized 
to eight during a reset operation; but either one 
may be changed under system control, inde- 
pendently of the other one, to any value from 
zero to 255. 


While a data transfer is actually taking place, 
the port's Acknowledge 
output 
repeats the 
same information as either the Almost-Full flag 
or the Almost-Empty 
flag, depending on the 
current direction of data transfer - Almost-Full 
when writing, and Almost-Empty when reading. 


The five 
relative-fullness 
status 
flags 
may 
change state either in response to a write event 
clocked at one port, or else in response to a read 
event clocked at the other port. The port's Ac- 
knowledge 
output signal, however, is totally 
synchronous with the clock input signal at that 
port; except, that it gets deasserted immediately 
if at any time the Request input signal is deas- 
serted. 


Both the Request control input and the Enable 
control input of a port must be asserted, in order 
for that port to carry out a read operation or a 
write operation. The ReadlWrite control input 
determines which type of operation gets per- 
formed. 


The action of the Request and Enable signals 
within the LH5420 are generally similar; but 
their detailed timing is different. The Enable 
signal is presumed to be originating as a syn- 
chronous signal referenced to the same clock 
signal used by the port. On the other hand, the 
Request 
signal 
may arise 
asynchronously, 
elsewhere in the system; the LH5420 contains 
resynchronizing 
circuits, which reference the 
Request signal to the port clock internally within 
the LH5420. 


Either port may place a full 36-bit word in the 
other port's mailbox register. Doing so sets a 
mailbox flag, which is synchronized to the re- 
ceiving port's clock. This flag is reset whenever 
the receiving port has read the word in the 
mailbox register. Both ports have the ability to 


select either their outgoing FIFO or their outgo- 
ing mailbox for writing, or either their incoming 
FIFO or their incoming mailbox for reading. 


Althou~lh Port A and Port B both have the capa- 
bility to send and receive 36-bit data words, 
each port has one major function unique to it. 
Port A is the master port for purposes of re- 
source··allocation and control functions, such as 
changing the value ofthe offsets for the Almost- 
Full and Almost-Empty flags, or changing the 
byte parity scheme from odd parity to even 
parity. Port B, on the other hand, is the port 
which is capable of setting its effective data 
width at 36 bits, 18 bits, or 9 bits. 


Two asynchronous inputs control the data width 
of Port B. Changing this data width does not 
require any reset operation. However, sufficient 
time must be allowed for the LH5420's internal 
byte-shifting and demultiplexing circuits to set- 
tle; waiting for two full Port B clock cycles is 
recommended. 


'SYNCHRONOUS' 
FIFOs AND 
'ASYNCHRONOUS' 
FIFOs 


The antonyms 'synchronous' 
and 'asynchro- 
nous' each have taken on two very different 
meanings in FIFO applications literature. The 
first meaning has to do with the timing of the 
FIFO's data and control inputs, and of its data 
and status outputs. The second meaning has to 
do with the capability of the FIFO to adjust itself 
to different and unrelated timing requirements 
at each of its two ends. 


Accordi ng to the first meaning of these terms, a 
'synchronous' 
FIFO operates with a free-run- 
ning clock input, but performs operations such 
as writing or reading only when these opera- 
tions are 'enabled.' Data inputs, and control 
inputs such as enable signals and mode-control 
signals, must all meet setup time and hold time 
requirements with respect to the free-running 
clock. Data outputs and status outputs are pre- 
sumed valid after some specified delay time has 
elapsed, following a transition of the free-run- 
ning clock. 


FIFOs which are 'asynchronous: 
according to 
this meaning of 'asynchronous: do not use any 
such free-running clock. Some older-architec- 
ture 'asynchronous' FIFOs even use edge-sen- 
sitive, rather than level-sensitive, control inputs. 
'Synchronous' FIFOs sometimes may be made 
to behave as 'asynchronous' FIFOs, if desired, 
by connecting their 'enable' inputs to be perma- 
nently asserted, and using their free-running 
clock inputs as asynchronous 
edge-sensitive 
'demand' control input signals. 


According to the second meaning of the terms 
'synchronous' and 'asynchronous,' however, a 
'synchronous' 
FIFO would be a FIFO having 
both its input port and its output port always 
synchronized to the same 'clock' signal; in other 
words, a glorified shift register. An 'asynchro- 
nous' FIFO, on the other hand, can operate with 
its input port synchronized to one timing signal, 
and its output port synchronized to a second 
timing signal having no necessary relation to 
the first one; and neither timing signal needs to 
be regular or periodic. 


The LH5420 has a free-running-c1ock-plus-en- 
able control structure; and so its two internal 
FIFOs are 'synchronous' 
FIFOs in the first 
sense of this term, except that the behavior of 
the five relative-fullness 
flags is not entirely 
'synchronous.' 
However, they are completely 
'asynchronous' 
FIFOs in the second sense; 


there is no necessary synchronization relation 
between the Port A clock and the Port B clock, 
nor is either of these clocks required to be 
strictly periodic. This type of behavior is usually 
considered to be useful, system-friendly, and 
what FIFOs are all about. 


In some applications, data bursts get pushed 
through a FIFO at or close to the FIFO's maxi- 
mum word rate; butthe system must take some 
immediate action if the FIFO ever becomes 
completely 
full 
or completely 
empty. 
The 
LH5420's Request/Acknowledge 
feature sup- 
ports such a mode of operation. The Acknow- 
ledge output signal meets the setup time and 
hold time requirements for the Enable input, 
and may simply be tied back to it, in order to 


prevent complete filling or complete emptying 
of the active FIFO. This mode of operation 
slightly decreases the maximum data rate. 


In eSSEmce,the Acknowledge signal is a syn- 
chronous 'proxy' or 'predictor' for whichever 
'Almost' flag is pertinent to the current data- 
transfer operation. Because synchronous pre- 
dictive logic is used to determine the state of 
this signal, it is actually faster than the corre- 
sponding flag. 


Assume now that a port's Request input is being 
continuously asserted, say for writing into the 
outbound FIFO forthat port. As long as the FIFO 
does not get into the 'Almost-Full' region, that 
is, the number of vacant FIFO physical words 
never falls below the 'Almost-Full' offset value, 
then the Acknowledge output is continuously 
asserted by the LH5420 control logic, and a 
word gets written into the FIFO as a result of 
every write-clock pulse. However, if the FIFO 
does become 'Almost Full,' then the Acknow- 
ledge output gets asserted only on every third 
write-clock 
pulse, 
rather than 
continuously. 
Thus, if the Acknowledge output has been tied 
back to the Enable input, the wide-open data 
rate then gets slowed down immediately, so that 
the writing of each word can be handled on a 
full-handshake 
basis. This operational tech- 
nique allows achieving the maximum data rate 
much of the time, and yet protects the system 
against data loss caused by overrunning the 
FIFO boundaries. 


When the system is operating an LH5420 in 
block-transfer mode, where a full block gets 
loaded at one port and then gets unloaded at 
the other port, the Acknowledge signals may be 
used to locate the end of a block, in lieu of 
having to implement an external block-length 
counter. As a simple example, say that the 
system block length is 193 words. The sending 
port loads in one complete block, and 55 words 
from the next block, in burst mode. At this point, 
its Acknowledge signal gets deasserted, indi- 
cating that the FIFO is 'Almost Full.' The Ac- 
knowledge signal does behave exactly in this 
manner, provided that the corresponding 
'Al- 


most-Full' flag offset still remains at its default 
value of eight. The receiving port then unloads 


the block. If its 'Almost-Empty' offset value has 
been set to 55, its Acknowledge signal will get 
deasserted 
exactly at the end of the block. 


Since this indication 
occurs within 
a clock 
period, it is fast enough to be accurate without 
any uncertainty. 


The LH5420's parity-checking facilities treat all 
nine bits alike, of each byte passing through one 
of the two FIFOs; the 'parity bit' may be in any 
position within a byte. A ten-input parity gate 
scans each group of nine bits in the output 
register of each port; the tenth input of each 
parity gate is from the even/odd-parity control 
flipflop, which may be programmed from Port A. 
This flipflop is set for odd parity when the 
LH5420 is reset; but it may be reprogrammed 
to even, or back to odd, at any time sub- 
sequently. If any of the four parity gates at a port 
ever detects an odd number of 'ones' in a byte, 
including the control flipflop in the 'ones' count, 
then the port's parity flag is asserted as long as 
the word containing the erroneous byte remains 
in the output register. 


The LH5420 36-bit bidirectional synchronous 
FIFO, available now from Sharp, is a system- 
oriented 'one-chip-does-all' 
part, intended to 
simplify back-and- forth communications 
be- 
tween two microprocessors, 
microcontrollers, 
or similar devices. 


The LH5420 offers several sophisticated fea- 
tures: on-the-f1y parity checking, word-width 
matching of a 36-bit bus to an 18-bit bus or to a 
9-bit bus, two-way mailbox communications, 
and synchronous Acknowledge signals which 
can be used to give a quick and accurate end- 
of-block indication or an advance warning of 
FIFO fullness or emptiness. 


In most bidirectional-FIFO 
applications, 
one 
LH5420 replaces many lower-level and discrete 
parts, and simplifies system design. It offers 
high performance for burst operations; it can 
transfer a 36-bit word in each direction every 25 
nanoseconds . 
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INTRODUCTION 


FIFO 
memories 
('FIFOs') 
are 
VLSI 
semiconductor 
memory devices which store information temporarily. 


The word 'FIFO' is an 'acronym' in English. An acronym 
is a word formed from the first letters of other words, in 
this case 'First-In, 
First-Out.' This term was first used in 
the mathematical 
field of operations 
research to describe 
one particular 
'queue 
discipline,' 
that is, priority rule for 
dealing 
with the members 
of some 
'queue.' 
The other 
major possible queue discipline 
is 'Last-In, First-Out,' or 
'LIFO.' The terms 'FIFO' and 'LIFO' also are used in the 
fields of cost accounting 
and inventory control, for the two 
major methods 
of assigning 
a current 
cost to an item 
which 
has been withdrawn 
from an inventory 
stock of 
items bought at varying times and at varying prices. 


Data words 
may be pushed 
into a FIFO memory 
in 
sequence, one word at a time, without ever having to give 
the FIFO any 'address' to tell it exactly where to store a 
given word. Later on, the same sequence 
of data words 
may be pulled out of the FIFO at its other end, one word 
at a time, in the same order in which they entered the 
FIFO. Because 
the position 
of each word remains the 
same 
within 
the 
block 
of words, 
there 
is no need to 
'address'the 
FIFO to tell it where a particular word is to 
be found. 


Single-chip 
FIFO devices 
of several 
different 
word 
widths are available. The most common word width today 
is 9 bits. But there still are older FIFOs being sold with 
word widths of 4 or 5 or 8 bits, and newer FIFOs with word 
widths of 18 or even 36 bits. Sharp has been the first FIFO 
manufacturer 
to have brought 36-bit FIFOs to market. 


FIFO memories are used for several diverse purposes 
in digital systems: 


• 
Matching different data rates. 


• 
Holding data temporarily, 
away from any main 
memory. 


• 
Eliminating 
'skew' between parallel data streams. 


• 
Acquiring 
a time-sequential 
record of successive 
events. 


• 
Reading out the same data over and over again 
repetitively. 


Some uses of FIFOs perhaps 
may serve more than 
one of these purposes. 


MATCHING DIFFERENT DATA RATES 


Data-rate matching probably is the most common type 
of FIFO application. There are three common pattems for 
the timing of a stream of data words. The data words may 
arrive and/or depart 


• 
at RANDOM times, individually. 


• 
in BURSTS, that is, in blocks of some given number 
of words. 


• 
at a CONSTANT 
rate. 


A FIFO may be used to hold input-data-stream 
words, 


which are arriving according 
to any of the above timing 
patterns, for a variable and controllable 
duration, 
so that 
they depart according 
to the timing 
pattem 
needed 
for 
output-data-stream 
words. On the average and over the 
long terrn, however, exactly as many words must depart 
from the FIFO as previously 
arrived - no more, and no 
less. Otherwise, 
either the FIFO memory would become 
permanently 
full, or else it would become 
permanently 
empty. 


Since there are three timing patterns 
for the arrival of 
data words, and also the same three timing patterns 
for 
their departure, there are nine possible timing patterns in 
all for a FIFO's complete data-transfer 
task. Probably the 
four 
most important 
of these 
are 'random-to-random,' 


'burst-to··burst,' 
'burst-to-constant,' 
and 
'constant-to- 
burst.' 


The 'random-to-random' 
case 
is referred 
to as the 


'single-server-problem' 
in operations-research 
mathe- 
matics, where it is often described 
using the illustration of 
hungry customers 
arriving at a hamburger 
stand at ran- 
dom intervals, 
and departing 
with their hamburgers 
at 
different random intervals. 


Often 
some 
electromechanical 
peripheral 
device 
is 
connected to one end of a FIFO, while a purely electronic 
device is connected 
to the other end. Electromechanical 
devices usually must acquire or emit data at fixed times, 
which are a function of their own design; theirtiming 
can't 
be rearranged 
on command 
by an electronic system. On 
the other 
hand, 
most 
all-electronic 
devices 
are much 


more able to adjust their data-transfer 
timing to the needs 
of other 
devices 
with which 
they 
are communicating, 
although there are some major exceptions. 


Even all-electronic 
devices 
may have their operating 
efficiency 
badly degraded, 
if they are subjected 
to con- 
stant 
'overhead' 
interruptions 
by 
electromechanical 
devices. Thus, FIFOs often perform in the useful role of 
isolating all-electronic 
devices such as microprocessors 
from common 
electromechanical 
devices 
such as disk 
memories, 
laser and ink-jet printers, and bar-code read- 
ers. 


As mentioned, 
there are some important all-electronic 
devices, 
without 
any moving parts, with timing charac- 
teristics just as inflexible 
as those of electromechanical 
devices. 
Many kinds of computer-graphic 
displays 
must 
be refreshed 
or changed 
at some predetermined 
rate. A 
telephone-line 
network 
or a local-area 
network 
likewise 
has an established 
data-transfer 
frequency, to which any 
external 
device 
connected 
to the network 
must adapt 
itself, often via a FIFO. 


Also, industry-standard 
databus specifications 
restrict 
the timing 
allowed 
for many signals, 
so as to ensure 
reliable communications 
interfacing 
between 
hardware 
modules 
designed 
independently 
by different groups of 
people. 


Most 
newer 
FIFO 
memory 
devices 
provide 
built-in 
status 
outputs, 
called 
'flags: 
which 
help the system's 
controlling 
logic implement 
efficient FIFO-memory 
oper- 
ating strategies. 
Typically, 
there are five of these flags: 
'Full: 
'Almost-Full: 
'Half-Full: 
'Almost-Empty: 
and 


'Empty.' 
The 
'Almost' 
flags 
may be used as advance 
warnings 
to the system that some action must be taken 
soon. For, once the FIFO memory has reached the 'Full' 
condition 
or the 'Empty' condition, 
it may already be too 
late to avoid losing or scrambling 
data. 


One simple but effective control strategy, for 'burst-to- 
burst' FIFO operation, is to select a FIFO memory having 
a depth of twice 
as many words 
as the usual system 
datablocksize. 
Anew block of data is brought in whenever 
the 'Half-Full' 
flag indicates that the memory is now less 
than half full, thus 
making 
efficient 
use of the FIFO's 
memory capacity. 


There 
also are some 
more sophisticated 
strategies, 


which 
use the 
'Almost' 
flags 
as well. 
In many 
FIFO 
devices, 
the 'offset' values 
for these 'Almost' 
flags are 
'programmable.' 
This 'offset' value is a specification 
by 
the system 
of the number 
of FIFO-memory 
words 
by 
which 
'Almost-Full' 
is to differ from 'Full: 
and may be 
changed 
by the system 
during 
operation; 
likewise 
for 


'Almost-Empty' 
and 'Empty.' 


Occa!,ionally 
there 
is a 'constant-to-constant' 
FIFO 
application. 
Here, the FIFO has to serve as a pure time- 


delay element, and the data rates at both ends of the FIFO 
must be exactly the same. 


HOLDING DATA TEMPORARILY, AWAY 
FROM ANY MAIN MEMORY 


The information-storage 
capacity 
of FIFO memories 
usually is smaller than that of random-access 
memories 
('RAMs'). Nevertheless, 
teday's FIFO memories are large 
enough to fulfill many needs for 'local' storage at various 
points in a system remote from any 'main memory.' 


FIFOs don't require that the system create or monitor 
any 'addresses' 
for the information 
stored within them. 


Whatever 
goes in one end simply comes out the other 
end, in the same order. Thus, FIFOs provide a convenient 
form of 'data storage at a point.' In some cases, what is 
being stored is control information, such as commands 
or 
instructions; 
it is not necessarily 
always 'data.' 


One other unique and valuable 
property 
of FIFOs is 
that, within one given 'family'ofarchitecturally-compatible 
FIFO parts, FIFOs having different sizes of internal mem- 
ory are DIRECTLY 
'drop-in-compatible' 
with each other 
without 
ANY system 
redesign. 
Thus, 
a 'deeper' 
FIFO, 


having 
more 
memory-word 
capacity, 
often 
is used to 
replace a smaller or 'shallower' 
FIFO, which 
may have 
turned out not to have enough memory-word 
capacity for 
the application. 


Sometimes, 
the need to replace 
smaller 
FIFOs with 
larger FIFOs may come about because 
of a deliberate 
system-engineering 
strategy, of upgrading 
the perform- 
ance of a microprocessor-based 
system 
design 
by in- 
creasing 
the 
system 
datablock 
size. 
With 
larger 
datablocl<s, 
the microprocessor 
does 
not need 
to be 
interrupted 
as often in order to deal with FIFO data, and 
can be focused more efficiently 
on its main tasks. 


ELIMINATING SKEW BETWEEN 
PARALLEL DATA STREAMS 


Parallel data streams which are supposed 
to be mutu- 
ally synChronized, but which get out of synchronization 
by 
varying amounts, are said to be 'skewed' with respect to 
one another. An interesting 
specialized 
FIFO application 
is that of 'deskewing' 
the individual 
bits read from the 
parallel b t-recording 
longitudinal 
data 'tracks' of a multi- 


ple-channel 
magnetic 
tape. 
The 
magnetic-tape 
skew 
problem 
arises primarily 
because 
a particular 
tape may 
first have been recorded on one physical tape drive, and 
later on moved 
to a different 
physical 
tape 
drive 
for 
reading. 
Similar 
applications 
arise 
when 
dealing 
with 
other not-too-precise 
synchronous 
devices. 


The solution to this design problem, 
in its usual form, 
requires 
one 
FIFO 
memory 
device 
per magnetic-tape 
longitudinal 
data track. The FIFO devices are operated at 
a repetition 
rate which is much higher than the databits- 
per-un it-time rate for each mag netic-tape track. Using an 
algorithm which depends 
on the magnetic recording for- 
mat in use, the system must continuously 
determine the 
current 
phase 
timing 
for each 
track, 
and 
then 
must 
advance or hold back the unloading of each FIFO to keep 
all of the FIFO outputs in phase together. 


ACQUIRING A TIME-SEQUENTIAL 
RECORD OF SUCCESSIVE EVENTS 


A FIFO, with its data inputs connected 
to some 'inter- 
esting'system 
point, can serve as an 'event recorder: 
In 
such 
applications, 
the FIFO's 
'Write 
Clock' 
or 'Shift-In 
Strobe' (or other signal which tells the FIFO when it is to 
write in a new data word) is controlled 
by system logic, 
which decides WHEN the information at that system point 
is 'interesting' 
and hence should be captured by writing it 
into the FIFO. 


One 'event-recording' 
application 
for FIFOs is that of 
serving 
as 
the 
data-capture 
memory 
within 
a logic 
analyzer or a medical ultrasound scan neroA characteristic 
feature of such instrumentation 
applications 
for FIFOs is 
that the very same data, once captured, must be read out 
over and over again. Many FIFO devices have a'Retrans- 
mif facility which allows doing so. 


A similar 
application, 
within a processor, 
is that of a 


'jump-trace 
memory: 
The 
FIFO's 
data inputs are con- 
nected to the processor's 
'program counter' or 'micropro- 
gram counter' (or other control-sequencing 
register), and 
a FIFO input word is recorded every time that a jump out 
of the 
normal 
incremental 
program-step-addressing 
sequence 
occurs. 
Such a 'jump-trace 
memory' 
feature 
can be very helpful when debugging 
real-time operating 
systems; 
if the system crashes, having a 'trace' record of 
the last few dozen jump addresses 
can be very valuable 
in analyzing 
the cause 
of the crash, 
since in real-time 
applications there usually isn't any way to repeat the exact 
sequence 
of events which led up to the crash. 


Another processor application 
for FIFOs is the queue- 


ing of 'interrupts,' 
which are high-speed 
requests for the 
processor's 
attention. 
In certain types of systems, 
such 
as digital-telephony 
processors, 
the number of real-time 
interrupts is extremely 
high; but a delay of a few millisec- 
onds is permissible 
when responding 
to each of them. A 


useful tl3Chnical approach 
in such cases 
is to form an 
encoded interrupt-information 
word by hardware 
means, 
for each interrupt as it is received, 
and store these inter- 
rupt-information 
words in time-sequenced 
order within a 
FIFO, to be unloaded and dealt with whenever 
the proc- 
essor has the free time to do so. 


READING OUT THE SAME DATA OVER 
AND OVER AGAIN REPETITIVELY 


When 
implementing 
reliable 
data-communications 
hardware which must use an unreliable communications 
channel, it is customary 
for the receiving device to trans- 
mit an 'acknowledge' 
signal back to the sending device to 
indicate that the last datablock 
was received, 
and that it 
appeared 
to be correct. 
If no such 'acknowledge' 
signal 
gets recElived by the sending device, or if - worse yet!- 
a 'negative-acknowledge' 
signal gets received 
instead, 
then the sending device must transmit the erroneously- 
received datablock another time. A FIFO with a'Retrans- 
mit' facilily, as described above, is a convenient 
means of 
implementing 
this capability within the sending device. 


A waveform generator is a laboratory instru ment which 
can produce a repetitive waveform 
of any desired shape 
or frequency, 
up to its performance 
limits. Some wave- 
form generators 
use digital electronics; 
the heart of one 
of these 
may be a large-but-slow 
read-only 
memory, 
which holds an extensive library of waveforms 
expressed 
as successive 
digital sample 
values, 
plus a FIFO. The 
FIFO loads up the desired waveform 
once, at the read- 
only memory's slow speed; then it reads out the waveform 
over and over again, using its 'Retransmit' 
facility, often 
at a much higher speed. 


Once, FIFOs were rather high-priced 
as compared 
to 
other digital semiconductor 
components. 
Now, competi- 
tion and manufacturing 
improvements 
have reduced the 
price of FIFOs substantially. 
Today, more than ever, FI- 
FOs shou d beconsidered 
for many applications for which 
they have always offered a superior design approach, but 
for which they have been considered 
too expensive. 
If 
your application can be described as 'data-rate matching,' 
'local 
memory,' 
'skew 
elimination,' 
'sequential 
event 
recording,' 
or 'repetitive 
readout,' 
a FIFO 
is your best 
answer. 
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PIN COUNT (NOMINAL DIMENSIONS) 


PRODUCT 
DIP 
SDIP 
SOJ 
SOP 
TSOP 
PLCC 


24 
24 
28 
28 
32 
32 
24 
28 
24 
28 
28 
32 
24 
28 
32 
28' 
322 
32' 
52 


(:IlO) 
(600) 
(300) 
(600) 
(400) 
(600) 
(300) 
(300) 
(3JO) 
(300) 
(400) 
(400) 
(450) 
(450) 
(525) 
(0813) 
(400) 
(83)) 
(750) 


PSEUDO STATIC RAMs 


LH5P832 
X 
X 
X 


LH5P8129 
X 
X 
X 


LH5P8128 
X 
X 
X 


LH5P8512 
X 
X 
X 


STATIC RAMs 


LH5116IH 
X 
X 
X 


LH5116S 
X 


LH5116IH 
X 
X 
X 


LH5168/H 
X 
X 
X 
X 


LH5168SH 
X 


LH51256L 
X 
X 


LH511000UL 
X 
X 
X 


LH52250AL 
X 
X 
X 


LH52256LL 
X 
X 


LH52252A 
X 
X 


LH52252B 
X 
X 


LH52253 
X 
X 


LH52258 
X 
X 


LH52258A 
X 
X 


LH52258B 
X 
X 


LH521002 
X 


LH521007 
X 
X 


LH521008 
X 
X 


LH521028 
X 


1. TSOP(I) 
2. TSOP(II) - Consu~ factory for availability. 


PIN COUNT (NOMINAL DIMENSIONS) 


PRODUCT 
DIP 
SDJP 
SOP 
QFP 
TSOP 


2S 
32 
40 
42 
64 
28 
32 
40 
44 
44 
44 
64 
48' 
(600) 
(600) 
(600) 
(600) 
(750) 
(450) 
(525) 
(525) 
(600) 
(11l10) (1414) 
(1420) 
(1218) 


MASK-PROGRAMMABLE 
ROMs 


LH53259 
X 
X 
X 


LH53515 
X 
X 
X 
X 


LH53Hl000 
X 
X 


LH53H09OO 
X 
X 


LH530800A 
X 
X 
X 


LH531000B 
X 
X 


LH532000B 
X 
X 
X 
X 
X 


LH532100B 
X 
X 


LH534000B 
X 
X 
X 
X 
X 


LH534100B 
X 
X 


LH534500A 
X 
X 
X 
X 


LH534600 
X 
X 
X 


LH538000 
X 
X 
X 
X 


LH5381 00 
X 
X 


LH538500A 
X 
X 
X 
X 


LH5316000 
X 
X 


LH5316500 
X 
X 
X 
X 


LH5332000 
X 
X 


PIN COUNT (NOMINAL DIMENSIONS) 


PRODUCT 
DIP 
$OJ 
PLCC 
PQFP 
PGA 


2S 
2S 
2S 
2S 
32 
68 
132 
120 
(300) 
(600) 
(300) 
(450) 
(450) 
(950) 
(950) 
(1360) 


FIFO MEMORIES 


LH5481191 
X 
X 


LH5496 
X 
X 
X 


LH5497 
X 
X 
X 


LH5498 
X 
X 
X 


LH5499 
X 
X 


LH5492 
X 


LH5493 
X 


LH5494 
X 


LH5420 
X 
X 


LH540201102 
X' 
X 
X 
X 


LH540203 
X' 
X 
X 
X 


LH540204 
X' 
X 
X 
X 


LH540205 
X' 
X 


LH540206 
X 
X 


LH540215125 
X 


LH543620 
X 
X 


DIP - Dual-ln-Iine-Package 


• 
SKDIP - Skinny 
DIP (.300 inch body width) 


• 
SDIP - Shrink 
DIP (.070 inch lead pitch) 


• 
CERDIP 
- Ceramic 
DIP 


SOP - Small Outline 
Package 


• 
TSOP - Thin SOP 


SOJ - Small Outline 
J-Leaded 
Package 


rr=(mil)~ 
R 
r-(mil)~ 
1F ~ 
SOP 


ZIP - Zigzag 
In-line Package 


QFP - Quad Flat Package 
(Metric Standard) 


• 
PQFP - Plastic QFP (JEDEC 
Bumpered 
Standard) 


PLCC -- Plastic Leaded 
Chip Carrier 


PGA - Pin Grid Array 


I(mil)i 
tL-JJ 


r(mil)i 


cA 
)~ 


TSOP(II) 


f 
(mil) 


~ 


I-O----'(mil)---- 


.., 
r=J 
r=1 


<mm'=T1 
iJ 


C::::~:I}::~~: 


Ii" - 
19.50 [0.768] 
- ill 
I---19.00 [0.748] -----1 


--I 
-O'T015' 


0.30 [0.012] ~~,"",_ 
0.20 [0.008] 
~ 


3.65 [0.144] 


~e3'25[O'1:8~O[O'173] 


4.00 [0.157] 
3.40 [0.134] 
3.00 [0.118] 


--11-- 
0.51 [0.020] MIN 


~~[0.1OO] 
0.56 [0.022] 
0.36 [0.014] 


7.62 [0.300] 


~TYP.~R 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] 
MINIMUM LIMIT 


C:::::~J]:::::: 


Ii" - - 23.25 [0.915]' 
- 
91 
I- 
22.75 [0896J ---l 


---J 
r-- 0' TO 15' 
0.30 [0.012] 
0.20 [0.008] 
U 


3.65 [0.144] 


~e3'25[O'1:8~0[0'173] 


4.00 [0.157] 
3.45 [0.136J 
3.05 [0.120] 


--11-- 
0.51 [0.020] MIN 


~~[O. 
100] 
0.56 [0.022] 
0.36 [0.014] 


7.62 [0.300] 


~TYP.~R 


I::::::::§:I]:::~:: 


~ 
~ 


o 


24.75 [0.974] 
24.25 [0.954] 


3.65 [O.144J 


~fl 


3.25[0.1:8~[0.173] 


4.0 [0.158] 
3.4 [0.133] 
3.0[0.118] 


---11-- 
0.51 [0.02] MIN 


h~.[O.lOO] 
0.56 [O.022J 
0.36 [0.014J 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHESJ 
MINIMUM LIMIT 


0.30 [O.012J-~r-- 
0.20 [O.OO8J 
U 


7.62 [O.300J 


~TYP.~R 


c:::::::~:I]::~: 


~ 
~ 


1 


27.45 [1oOB1J 
26.95 [1.061] 


3.70 [0.146] 
~fl 


3.30[0.1~~0[0.173] 


4.20 [0.162] 
3.45 [0.136] 
3.05 [0.120] 


--11-- 
0.51 [0.020J MIN 
2.54[0.100] 
TYP. 
0.60 [0.024] 
0.40 [0.016] 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] 
MINIMUM LIMIT 


----I - 
O· TO 15· 


0.30 [0.012J 
I, 
0.20 [0.008] 
U 


10.16 [0.400] 
r;= TYP. ~R 


24f;:::::::::::[E:::~: 


~ 
29.85 [1.175J 
- 
- 
- 
12 


1 


29.35 [1.155J ----..j 


3.65 [0.144J 
~a 


3'25[O'1:8~[0'173] 


4.0 [0.158] 
3.4 [0.133) 


--11--- 
3.0 (O.118J 


~.[0.100] 
0.56 [0.022] 
0.51 [0.02] MIN 


0.36 [0.014] 


DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 


24DIP (DIP24-P-600) 


24 
1 
o 
13.45 [0.530] 
12.95 [0.510] 
1 
11 - 
- - 
1_2.1 
I- 
31.30 [1.232] 
30.70 [1.209] 


4.45 [0.175] 
~E± 


4'05[0'1:9~[O'209J 


4.90 [0.193J 
3.45 [0.136] 
-11 
3.05 [0.120] 


2.54 [0.100] 
-1- 
0.51 [0.020] MIN 


TYP. 
0.60 [0.024] 
0.40 [0.016] 


DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 


0.3 [0.012] 
0.2 [0.008] 


7.64 [0.300]H 
R 


0.30 [0.012J 
0.20 [0.008] 


15.24 [0.600] 


rr=TYP.~r~~ 


~::::::::::::t1::::~: 


• 
35.0 [1.378] 


14 


1 
34.4 [1.354J 
• 


3.65 (O.l44J 
~'''I''''I 
4.4 [0.173] 


4.0 [O.1!;s] 
3.4 [0 1~i3] 


'."'1''''1 
~~ 
E'.'I";'I 
TYP 
0.56 [0 022] 
0 
. 
0.36 [0:014] 
.5 [0.0197] MIN 


DIMENSIONS 1N MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 


28DIP (D1P28-P-W300) 


f;::::::::::::tr::::= 


• 
34.80 [1.370] 


14 


1 
34.54 [1.360] 
• 


~ 


3.30[0.130] 
¥± 


4.57 
[0.180] 
MAX 


II 
3.43 [0.135] 


2.54 [0.100] 
--H-- 
3.18 [0.125] 


TYP. 
0.53 [0.021] 
0.38 [0.015] 
0.51 [0.02OJMIN 


DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 


0.35 [0.014] 
0.15 [O.006J 


7.62 [0.300J 
HR 


0.30 [0.012J 
0.20 [0.008] 


7.62 [0.300]H 
R 


c:::::::::::t~'~1 


I. 
35.69 [1.405] 


14 
1 
35.43 [1.395] 
• 


3.81 [O.16OJ 
NOM 


~f±5.08[O.:!OOJ 
MAX 
3.43 [0.135] 
~ ~ 
--II-- 
3.18[0 125J 


1.65 [0.065] 
2.54 [0.1001 
056 [0 022] 
0.38 [O.015JMIN 
1.27 [0.055] 
B 
.. 
se 
0.35 [0.014] 


1 
13.45 [0.530] 
12.95 [0.510] 
1 


_____ 
1_:1 
36.3 [1.429] 
35.7 [1.406] 


4.5 [0.177] 


~f±4.0[0.158~.2[O.204] 
5.0 [0.197] 
3.5 [0.138] 
--11-- 
3.0[0.118] 


2.54 [0.100] 
0.6 [0.024] 
0.51 [0.020] MIN 
TYP. 
0.4 [0.016] 


0.38 [0.0151 
0.2 [0.009] 


10.16 [O.400J 
I; 
Bse ~I 
A 


0.3 [0.012J 
0.2 [0.008] 


15.24 [0.600] 
f.~ 
TY_' 
~ 


32DIP (DIP32-P-400) 
~::::::::: :::::J~:=: 


I 
161 
• 
40.n 
[1.605] 
40.51 [1.595) ------. 


3.81 [0.1501 
NOM 


~E5'08[0'2OOJ 
MAX 
3.43 [0.135] 
~ 
~ 
--J 
3.18 [0.125J 


1.65 [0.0651 
254 [0100] 
l-- 
0.38 [O.015J 
1.27 [0.055] 
sse 
. 
0.56 [0.022] 
MIN 
0.35 [0.014] 


32DIP (DIP32·P-600) 


32 
1 
o 
13.45 [0.530J1 
[0.51OJ 


______ 
1_6.1 
41.30 [1.626] 
40.70 [1.602] 


4.50 [0.177] 


~~4'00~0~~:J205] 
5.00 [0.H17] 
3.50 [0.138] 
--1!- 
3.00[0.118] 


2.54 [O.lOOJ 
0.51 [0020J MIN 
TYP. 
0.60 [0.024J 
. 


0.40 [0.0161 


0.38 [0.015J 
0.20 [O.OOOJ 


0.30 [0.012] 
0.20 [0.008] 


15.24 [0.600] 
r,= TYP. ~ 
I 
\ 


13.45 [0.530] 


] 
[0.510] 0.30 [0.012) ==....,:;;~=--~-O. 
TO 15. 


_ 
_________ 
2_1.1 
0.20 [0.008] 
U 
54.10 [2.130] 
_ 
53.50 [2.106] 


40DIP (DIP40·P·600) 


40 
1 
13.45 [0.530] 
12.95 [0.510] 
_l 


___ 
20.1 
52.30 [2.059] 
_ 
51.70 [2.035] 


4.55 [0.179] 


~~3'95~0~~:]'213] 
4.80 [0.189] 
3.55 [0.140] 
1= 
2.95 [0.116] 
-11- 
0.51 (O.020JMIN 
h~.(O.l00] 
0.60 [0.024] 
0.40 (0.016] 


4.55 [0.179] 


~ 
~3'95~0~::)213J 
i 
4.80 [0.189J 
1 


3.55 [0.140) 
2.95 [0.116] 


2 
[] 
-11- 
0.90 [0.035J TYP. 


rY~.0.100 
0.60 [0.024] 
0.40 (0.016] 


0.30 [0.012) 
0.20 [0.008] 


15.24 (0.600] 
rr= 
TYP. 
~ 
1~~ 


15.24 [0.600] 
rr= TYP. 
~ 
f~~ 


1 


0.3 [0.012] 
0.2 [0.008) 


15.24 [0.600) 


4.55 [0.179] 
TYP. 


~~ 


3'95[:::~:J213] 
,I; 
"\1 


4.8 [0.189] 
_. 
~. 
3.55 [0.140J 
2.95 [0.116J 
--H- 
0.51 [O.020JMIN 
2.54 [0.100] 
0.6 [0.024] 
TYP. 
0.4 [0.016] 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHESJ MINIMUM LIMIT 


C::::::::~J]::~: 
11 - 
- - 
~2 
I- 
22.25 [0.876] 
21.75 [0.856) 


3.65 [0.144) 


~a3'25[0'1:8~O[O'173J 


4.00 [0.157) 
3.45 [0.136] 
3.05 [0.120] 
--ll-- 
0.50 [0.020] MIN 
1.78 [0.070J 
0 
2) 
TYP. 
0.56 [ .02 
0.36 [0.014) 


~-I'f---O· 
TO 15· 


0.30 [0.012] 
-, 
0.20 [0.008) 
U 


7.62 [0.300] 


~TYP.~R 


17.25 [0.679] 
I'~''' 


____________ 
32.1 
58.30 [2.295J 
57.70 [2.271J 


28SDIP 
(SDlP28-P-400) 
c::::::::::0J~::~: 
I. 
25.75 [1.014] 


14 


1 
25.25 [0.994] 
• 


4.05 [0.159] 


~B3'65[O'1::[0'181] 
4.20 [0.205] 
3.50 [0.138] 


----.l 
3.00 [0.118] 


1.78 [O.070J 
-II-- 
0.51 [0.020] MIN 


TYP. 
0.56 [0.022J 
0.36 [0.014J 


64SDIP (SDlP64-P·750) 


64 


~ 
-- 
O'TO 15' 
0.30 [0.012] 
II 
0.20 [0.008] 
If 


10.16 [0.400] 


fr=TYP. 
~R 


1 


4.60 [0.181] 
3.90 [0.154] 


5.70 [0.224] 
4.70 [0.185J 
3.55 [0.140J 
~ill<"""" 


"""0>" 
>- 
p 
TYP. 
0.56 [0.022] 
0.51 [0.020] MIN. 


0.36 [0.014] 


19.05 [0.750] 
F TYP. ===i1 


~ 
0.30 [O.012J 
0.20 [0.008] 


sSiHARPHAi~------------------ 


24CERDIP 
(WDlP24·G·600) 


24 


32.50 [1.280] 
31.00 [1.2201 


1 


~9~~[02321 
3.10 [0.122] 


2.54 [0.100 
--jL 
MIN 
TYP. 
J 
1- 
050 [0.020] MIN 


0.56 [0.022] 
0.36 [0.014] 


MAXIMUM LIMIT 
MINIMUM LIMIT 


28CERDIP 
(WDlP28·G-600) 


28 o 


37.55 [1.478] 
36.05 [1.419] 


~il589[0232] 


U 
~IO~ 
U 
U ~u~ U U 
U upr:.:,o"" 


0.56 [0022J 
0 50 [0 020] MIN 


0.36 [0014J 


DIMENSIONS IN MM [INCHES] MAXIMUM LIMIT 
MINIMUM LIMIT 


0.30 [0.012] 
0.20 [0.008] 


15.24 [0.600] 
r;= TYP. 
~ 
1 
\ 


0.30 [0.012] 
0.20 [0.008] 


15.24 [0.600] 
r;= 
TYP. 
~ 
f 
\ 


32CERDIP 
(WDIP32·G-600) 


32 o 
1 
15.10 [0.594] 
14.50 [0.571] 
1 


. 
16.1 
42.50 [1.673]_ 
_ 
41.50 [1.634] 


0.27 [O.OllJ 
0.23 [O.OOOJ 


~B4.42[O.174] 
L 
3.76[0.148] 
3.20 [0.126] 


-11- 
~ ~ 
1.42 [0.0::; 
MAX 
2.54 [0.100) 
0.46 [0.018) 
1.42 [0.056) 
TYP. 
TYP. 
TYP. 


r- 15.70 [0.618]1 
Ir 15.50 (0.610],I 
r~\ 


0 
• 


1 -- ~ 
-il- 
16 


1.27 [0.05OJ 
TYP. 
0.60 [0.024) 
0.40 [0.016) 


20.45 [0.805] 


-tj 


3.05[0.1201 
2.65 [0.104] 
1.30 [0.051] 
-t--r 


6.90 [0.272] 
8.50 [0.335) 


6.50 [0.256) 
7.70 [0.303) 
~ 


0.30 [0.012) 
0.20 [0.008) U 
2.54 [0.100] 
TYP. 


~ 
2 
16 


DIMENSIONS IN MM [INCHES] 
MAXIMUM LIMIT 
MINIMUM LIMIT 


/ 
0 
• 
II 


1 -- 
f-- 
-H- 


2O 


1.27 [0.050] 
TYP. 
0.60 [0.024] 
0.40 [0.016] 
26.05 [1.026] 


1 
13.10 [0.516J 
J 


H 3.05 [0.120] 


I 
_ 
12.65 
[0.104] 


-f 


8.70 [0.343] 
8.30 [0.327] 
1 


r 


10.10 [0.398J 
9.50 [0.374] 


0.30 [0.012] 
0.20 [O.OO6J U 
2.54 [0.100] 
TYP. 


24S0J (SOJ24·P·300) 


24 
13 1 
r 


DETAIL 


1 
7.9 [0.311] 
8.63 [0.340J 
7.5 [0.295] 
8.23 [0.324] 
3.7 [0.146] 
,JJ 
l 


3.3 [0.130] 
2.6 [0.102] 1 
2.2 [0.087] 


LJLJD 


0.64 [0.025J MIN 


0.8 [0.031] 
0.6 [0.024J 


16.2 [0.638] 
15.8 [0.622] 


0.53 [0.021 J 
0.33 [0.013] 
1.15 (O.045J 
0.85 [0.033J 


0.2[0.OO6J~~-:b 
I--- 7.0 [0.276] --l 
6.6 [0.260] 


8.63 [0.340] 
7.90 [0.311] 


LJ LJjJ~'1T~'l 


13 


.. 


LJ LJ 
5 
9 
17.4 [0.685] 
17.0 [0.669] 


-Jrnl"T-=-r::r-c-c:r=====r~ 


1.15 [0.045] 
1.25 [0.049] 
0.53 [0.021] 
0.85 [0.033] 
TYP. 
0.33 [0.013] 


28S0J 
(SOJ28-P-300) 


28 
1 


0.20 [0.008] ~ 6--J] 
l--- 7.0 [0.276] ----l 
6.6 [0.260] 


7.9 [0.311] 
jJ~'1 


IDODD 


18.7 [0.736] 
1: 
18.3 [0.720] 


~ 
1.27 [O.050J 
0.33 [O.013J 
TYP. 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] 
MINIMUM LIMIT 


8.63 [0.340] 
'''I~'l 


-f 


3.7 [0.146] 
3.3 [0.130] 
2.6 [0.102] 
2.2 [0.087] 


0.20 [0.008]t=rl;---JJ 


1.15 [0.045] 
I 
I 


0.85 [0.033] 
I-- 7.0 [0.276] ~ 
6.6 [0.260] 


28S0J 
(SOJ28·P-400) 


28 
I 
10.4 [0.4091 
10.0 [O.394JJ""IO.MI 


18.7 [0.736] i LJ LJ LJ LJ 1:j 
10.73 C422 


J 


18.3 [0.720] 


'f 
3.7 [0.146] 
3.3 [0.130] 
rO_'1 
~~ 
lJ 
II 
9.5 [0.374] 
--11-- 0.53 [0.021J 
9.1 [0.358] 
1.27 [O.SOJ 
0.33 [0.013J 
TYP. 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] 
MINIMUM LIMIT 
28OOJ400 


32S0J 
(SOJ32·P·400) 
32 


10.4 [0.409J 
10.0 [0.394]J 


11.13[0.438] 
,0 0 0 DO! 
>onC"" 


21.2 [0.835] 
1: 
20.8 [0.819] 


1 
3.7 [0.146] 
3.3 [0.130] 


~1.27 [O.OSO] 
0.33 [0.013] 
TYP. 


MAXIMUM LIMIT 
DIMENSIONS IN MM [INCHES] 
MINIMUM LIMIT 
-j 
I--- 9.5 [0.374] ----1 
9.1 [0.358] 


1.70 [0.067) 
t 
r 
12.40 [0.488] 
11.60 [0.457] 


0.15 [0.006) 


1.03 [0.040] 


[,,~."" 
17.80 [0.701) 


0.15 [0.0061 


1.03 [0.0411 


Packaging 


~J['''" 


~~ 
0.20 [0.008) 
0.10 [0.004) 


~J['''" 


~~ 
0.20 [0.008) 
0.10 [0.004) 


------------------·------------;7-:ffi19 


0.15 [0.006] 


1.28 [0.50] 


1.40 [0.055] 
t 
r 
14.50 [0.571) 
13.70 [0.539) 
L 
26.50 [1.043] 
26.10 [1.028] 


0.15 [0.006) 


1.28 [0.050) 


I 
12.50 [0.492) 
U 


~~ 
0.20 [0.008] 
0.10 [0.004] 


------------------------~s;;:HARP~;p 


0.15 [0.006] 


1.275 [0.050] 


0.25 [0.010) 
0.05 [0.0021 


1.28 [0.050) 


0.15 [0.006J 


)~039J 
6iiiiiiiiCiiiii~ 
1.20 [0.047] 


0.20 [0.008) 
0.00 [0.000] 


~J.,nl 


-1~ 
0.20 [0.008] 
0.10 [0.004J 


0.28 [0.011) 
0.12 [O.005J 
II 
21 


0.55 [0.22) 
TYP,r 
8'---i-r 


• 
IJ 
U 
281 
7 


~ 
8.20 (O.323! _ 
7.80 [0.307J 


12.00 [O.46OJ 
11.60 [0.464] 


~ 


0.15 [0.006) 
1.10[0.044) 
0.90 [0.036] 


1.20 [0.047) 
MAX 


0.30 [0.012) 
0.10 [O.OO4J 


32 rn 


•C 8.20 [0.323) 
16 
7.80 [0.307) 


18.60 [0.732J 
18.20 [0.717) 


~ 


0.15 [0.006) 
l±-ft-!1°39] 
6UllUUUUUllUuuuuuuJ~ 
1.20 [0.047) 


0.20 [0.008) 
0.00 [0.000) 


12.60 [0.504) 
12.20 [0.488] 


~ 


-1~ 
0.20 [0.008) 
0.10 [O.OO4J 


1 
19.00 [0.748J 
U 


-1~ 
0.20 [0.008J 
0.10 [0.004) 


12.20 [0.480J 
11.80 [0.465J 


13.90 [0.547] 
13.10 [0.516J 


l 1 
16.60 [0.654] 
18.40 [O.724J 
16.20 [0.638] 
17.60 [O.693J 
J 


0.15 [O.006J 
0.425 [0.017J 


1 
17.00 [0.669] 
J 


--J~ 


0.20 [0.008J 
0.10 [0.004J 


t 
0.425 [0.017J 
0.20 [O.008J 
0.00 [O.OOOJ 


13.90 [0.547] 
13.10 [0.516J 


DETAIL 
1.65 [0.065J 
1.25 [0.049J 
I~r 


~ 


0.20 [0.008] 
0.10 [0.004] 
II1 


1.05 [0.041] 
0.65 [0.026] 


0.20 [0.008] 
STANDOFF 
0.00 [0.000] 


18.20 [0.717J 
17.40 [0.685] 


DETAIL 
2.10 [0.083] 
1.70 [0.067]nr 


~ 


0.20 [0.008] 
0.10 [O.OO4J 
II 
1 
15.80 [0.622] 
14.20 [0.560] 
18.20 [0.717J 


13.80 (0.543] 
17.40 [0.685] 


1.20 [0.04 7] 
0.80 [0.031] 


0.20 [O.OO8J STANDOFF 
0.00 [O.OOOJ 


0.10 [O.OO4J 


---11-- 


1 
1.00 [0.039] 
1 


1.50 [0.059] 
1.10 [0.043] 
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